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(57) Abstract 



A compound of formula (I) in which Z is selected from (a), (b), (c), (d), (e), (f). (g). (h), (0. (j). and (k). The present invention relates 
to novel N-substituted azaheterocyclic carboxylic acids and esters thereof in which a substituted alkyl chain forms part of the N-substituent 
or salts thereof, to methods for their preparation, to compositions containing them, and to their use for the clinical treatment of painful, 
hyperalgesic and/or inflammatory conditions in which C-fibers play a pathophysiological role by eliciting neurogenic pain or inflarj^^on. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


AT 


Austria 


GE 


Georgia 


AU 


Australia 


GN 


Guinea 


BB 


Barbados 


GR 


Greece 


BE 


Belgium 


HU 


Hungary 


BF 


Burkina Faso 


IE 


Ireland 


BG 


Bulgaria 
Benin 


IT 


Italy 


BJ 


JP 


Japan 


BR 


Brazil 


KB 


Kenya 


BY 


Belarus 
Canada 


KG 


Kyrgyttan 


CA 


KP 


Democratic People's Republic 


CF 


Central African Republic 




of Korea 


CC 


Congo 


KR 


Republic of Korea 


CH 


Switzerland 


KZ 


Kazakhstan 


CI 


COte d'lvoire 


U 


Liechtenstein 


CM 


Cameroon 


LK 


Sri Lanka 


CN 


China 


LR 


Liberia 


cs 


Czechoslovakia 


LT 


Lithuania 


cz 


Czech Republic 


LU 


Luxembourg 


DE 


Germany 


LV 


Latvia 


DK 
EE 


Denmark 


MC 


Monaco 


Estonia 


MD 


Republic of Moldova 


ES 


Spain 


MG 


Madagascar 


FI 


Finland 


ML 


Mali 


FR 


France 


MN 


Mongolia 


GA 


Gabon 


MR 


Maiiritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


vz 


Uzbekistan 


VN 


Viet Nam 



WO 96/31498 



PCT/DK96/00139 



Field of the Invention 

The present invention relates to novel N-substituted azaheterocyclic carboxylic 
5 acids and esters thereof in which a substituted aikyl chain forms part of tne N- 
substituent or salts thereof, to methods for their preparation, to compositions 
containing them, and to their use for the clinical treatment of painful, 
hyperalgesic and/or inflammatory conditions in which C-fibers play a 
pathophysiological role by eliciting neurogenic pain or inflammation. The 
10 invention also relates to the use of the present compounds for the treatment 
of insulin resistance in non-insulin-dependent diabetes mellitus (NIDOM) or 
aging, the present compounds knowing to interfere with neuropeptide con- 
taining C-fibres and hence inhibit the secretion and circulation of insulin an- 
tagonizing peptides like CGRP or amylin. 

15 BgcKqrpund Qf fre Invention 

The nervous system exerts a profound effect on the inflammatory response. 
Antidromic stimulation of sensory nerves results in localized vasodilation and 
increased vascular permeability (Janecso et al. Br. J. Pharmacol. 1967, 31, 
138-151) and a similar response is observed following injection of peptides 

20 known to be present in sensory nerves. From this and other data it is postu- 
lated that peptides released from sensory nerve endings mediate many inflam- 
matory responses in tissues like skin, joint, urinary tract, eye, meninges, 
gastro-intestinal and respiratory tracts. Hence inhibition of sensory nerve 
peptide release and/or activity, may be useful in treatment of, for example 

25 arthritis, dermatitis, rhinitis, asthma, cystitis, gingivitis, thrombo-phlelitis, 
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Further, the potent effects of CGRP on skeletal muscle glycogen synthase activity 
and muscle glucose metabolism, together with the notion that this peptide is 
released from the neuromuscular junction by nerve excitation, suggest that CGRP 
may play a physiological role in skeletal muscle glucose metabolism by directing 

5 the phosphorylated glucose away from glycogen storage and into the glycolytic 
and oxidative pathways (Rossetti et al. Am. J. Physiol. 2M, E1-E10. 1993). This 
peptide may represent an important physiological modulator of intracellular 
glucose trafficking in physiological conditions, such as exercise, and may also 
contribute to the decreased insulin action and skeletal muscle glycogen synthase 

10 in pathophysiological conditions like NIDDM or aging-associated obesity (Melnyk 
et al. Obesity Res. 2, 337-344, 1995) where circulating plasma levels of CGRP 
are markedly increased. Hence inhibition of release and/or activity of the 
neuropeptide CGRP may be useful in the treatment of insulin resistance related to 
type 2 diabetes or aging. 

15 In US Patent No. 4,383,999 and No. 4,514,414 and in EP 236342 as well as in 
EP 231996 some derivatives of N-(4,4-disubstituted-3-butenyl)azaheterocyclic 
carboxylic acids are claimed as inhibitors of GABA uptake. In EP 342635 and EP 
374801, N-substituted azaheterocyclic carboxylic acids in which an oxime ether 
group and vinyl ether group forms part of the N-substituent respectively are 

20 claimed as inhibitors of GABA uptake. Further, in WO 9107389 and WO 9220658, 
N-substituted azacyclic carboxylic acids are claimed as GABA uptake inhibitors. 
EP 221572 claims that 1-aryloxyalkylpyridine-3-carboxylic acids are inhibitors of 
GABA uptake. 

In addition to the above cited references. US Patent No. 3,074,953 discloses 1-(3- 
25 (io,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-4-phenyl-4- 

piperidinecarboxylic acid ethyl ester as a psychotropic drug. Analogous 1 -substi- 
tuted 4-phenyl-4-piperidinecarboxylic acid ester derivatives to the above cited 
compound are described (J. Med. Chem. 1967, 10. 627-635 and J. Org. Chem. 
1962, 27. 230-240) as analgesics, antispasmodics and psychotropics. In JP 
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49032544, JP 48040357, FR 2121423, GB 1294550 and DE 2101066, 1-substi- 
tuted 4-dialkylamino-4-piperidinecarboxamides are disclosed as psychotropic 
agents, for the treatment of schizophrenia and as inhibitors of inflammation. 

Description of the Invention 

The present invention relates to novel N-substituted azaheterocyclic carboxyiic 
acids and esters thereof of formula I 




0) 



5 wherein R 1 and R 2 independently are hydrogen, halogen, trifluoromethyl. NR 6 R 7 , 
hydroxy, C^-alkyl or C^-alkoxy; and 

Y is >N-CH 2 -, >£H-CH 2 - or >£=CH- wherein only the underscored atom 
participates in the ring system; and 

X is' -O-, -S-, -C(R 6 R 7 )-, -CH 2 CH 2 -, -CH=CH-CH 2 -. -CH 2 -CH=CH-, -CH 2 -(C=0)-, 
10 -(C=0)-CH 2 -, -CH 2 CH 2 CH 2 -, -CH=CH-, -N(R 8 )-(C=0)-, -(C=0)-N(R 8 )-. -0-CH 2 -, - 
CH 2 -0-, -S-CH 2 -, -CH 2 -S-, -(C=0)-. -N(R 9 )- or -(S=0)- wherein R 6 , R 7 , R 8 and 
R 9 independently are hydrogen or C^-alkyl; and 
r is 1, 2 or 3; and 
Z is selected from 
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wherein n is 1 or 2; and 

R 3 is -(CH 2 ) m OH or -(CH 2 ) p COR 4 wherein m is 0, 1, 2, 3, 4, 5 or 6 and p i! 

1 and wherein R 4 is -OH. -NH 2 , -NHOH or C^-alkoxy; and 
5 R 5 is hydrogen, halogen, trifluoromethyl, hydroxy, C^-alkyl or C^-alkoxy; 

r 10 is hydrogen, C^-alkyl, C^-alkoxy or phenyl optionally substituted witr 

halogen, trifluoromethyl. hydroxy. C^-alkyl or C^-alkoxy; and 

R 11 is hydrogen or C^-alkyl; and 

_ is optionally a single bond or a double bond; 
10 or a pharmaceutical^ acceptable salt thereof. 
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The compounds of formula I may exist as geometric and optical isomers and all 
isomers and mixtures thereof are included herein. Isomers may be separated 
by means of standard methods such as chromatographic techniques or frac- 
tional crystallization of suitable salts. 

5 

Preferably, the compounds of formula I exist as the individual geometric or 
optical isomers. 

The compounds according to the invention may optionally exist as pharma- 
10 ceutically acceptable acid addition salts or - when the carboxylic acid group is 
not esterified - as pharmaceutical^ acceptable metal salts or - optionally 
alkylated - ammonium salts. 

Examples of such salts include inorganic and organic acid addition salts such 
1 5 as hydrochloride, hydrobromide, sulphate, phosphate, acetate, fumarate, 

maieate, citrate, lactate, tartrate, oxalate or similar pharmaceutical^ acceptable 
inorganic or organic acid addition salts, and include the pharmaceutical^ 
acceptable salts listed in Journal of Pharmaceutical Science, 66, 2 (1977) 
which are hereby incorporated by reference. 

20 

The term "C^-alkyl" as used herein, alone or in combination, refers to a 
straight or branched, saturated hydrocarbon chain having 1 to 6 carbon atoms 
such as e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert- 
butyl, n-pentyl, 2-methylbutyl, 3-methylbutyl, n-hexyl, 4-methylpentyl, neopentyl, 
25 n-hexyl, 1 ,2-dimethylpropyl, 2,2-dimethylpropyl and 1,2,2-trimethylpropyl. 
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The term "C^-alkoxy" as used herein, alone or in combination, refers to a 
straight or branched monovalent substituent comprising a C^-alkyl group linked 
through an ether oxygen having its free valence bond from the ether oxygen 
and having 1 to 6 carbon atoms e.g. methoxy, ethoxy, propoxy, isopropoxy, 
5 butoxy, pentoxy. 

The term "halogen" means fluorine, chlorine, bromine or iodine. 

Illustrative examples of compounds encompassed by the present invention 
10 include: 

1-(3.(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-3-piperidinecarbox- 
amide; 

1 5 1 -(3-(1 0,11 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-4-piperidinecarboxylic 
acid; 

1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5.yl)-1-propyl)-2-piperidinecarboxylic 
acid; 

20 

(l^-tlO.H-Dihydro-SH-dibenzIb.flazepin-S-yO-l-propyO-S-piperidinyOmethanol; 



4-(4-Chlorophenyl)-1-(3-(10,11-dihydro-5H-dibenz[b,f]azepin-5-yl).1-propyl)-4-pi- 
peridinol; 

25 
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4-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-2-piperazinecarboxylic 
acid; 

(2S,4R)-1-(3-(10,11-Dihydro-5H-djbenz[b,f]azepin-5-yl)-1-propyl)-4-hydroxy-2- 
5 pyrrolidinecarboxylic acid; , 

4-(3-(1 0, 1 1 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-2-morpholinecarboxylic 
acid; 

10 1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-2-aziridinecarboxylic 
acid; 

2-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-1 l 2,3,4-tetrahydro-4- 
isoquinoiinecarboxylic acid; 

15 

I^S^IO.H-Dihydro-SH-dibenzIb.flazepin-S-yO-l-propyO^-methyl-ll^]- 
diazepane-6-carboxyiic acid; 

2-(3-(10,11-Dihydro-5H-dibenz[b l f]azepin-5-yl)-1-propyl)-1,2,3,4-tetrahydro-3- 
20 isoquinolinecarboxylic acid; 

1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-3-piperidinecarboxylic 
acid hydroxamide; 

25 (4-(3-( 1 0, 1 1 -Dihydro-5H-dibenz[b,f)azepin-5-yl)-1 -propyl)piperazin-1 -yl)acetic 
acid; 
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1 -(3-( 10,11 -Dihy dro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-4-piperidineacetic acid; 

1 -(3-( 10,11 -Dihy dro-5H-dibenzo[a,d]cydohepten-5-ylidene)-1 -propyl)-4- 
piperidinecarboxylic acid; 

5 

(R)-1 -(3-(1 0, 1 1 -Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1 -propyl)-3- 
piperidinecarboxamide; 

(R)-1-(3-(10,11-Dihydro-5H-dibenzoIa,d]cyclohepten-5-ylidene)-1-propyl)-2- 
10 pyrroiidinecarboxylic acid; 

(S)-1-(3-(10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-2- 
pyrrolidinecarboxylic acid; 

1 5 (R)-1 -(3-(1 0,1 1 -Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1 -propyl)-2- 
piperidinecarboxylic acid; 

1 -(3-(1 0H-Phenoxazin-1 0-yl)-1 -propyl)-4-piperidinecarboxylic acid; 

20 i-(3-(3-Chloro-10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4-piperidi- 
necarboxylic acid; 

1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-3-piperidineacetic acid; 
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1-(3-(10,11-Dihydro-5H-diben2[b,f]azepin-5-yl)-1-propyl)-2-methyl-3-piperidinec- 
arboxylic acid; 

1 -(3-(1 0, 1 1-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-3-quinuclidinium- 
5 carboxylate; 

1-(3-(2,8-Dibromo-10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4-pipe- 
ridinecarboxylic acid; 

10 1-(3-(3,7-Dichloro-10,1 1-dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-4-piperidin- 
ecarboxylic acid; 

1-(3-(3-Methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-4- 
piperidinecarboxylic acid; 

15 

1 -(3-(3, 7-Dimethyl-1 0, 1 1 -dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-4- 
piperidinecarboxylic acid; 

1-(3-(3-Dimethylamino-10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4- 
20 piperidinecarboxylic acid; 

or a pharmaceutically acceptable salt thereof. 

As used herein, the term "patient" includes any mammal which could benefit 
25 from treatment of neurogenic pain or inflammation or insulin resistance in 
NIDDM. The term particularly refers to a human patient, but is not intended to 
be so limited. 
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It has been demonstrated that the novel compounds of formula I Inhibit 
neurogenic inflammation which involves the release of neuropeptides from 
peripheral and central endings of sensory C-fibres. Experimentally this can be 
demonstrated in animal models of formalin induced pain or paw oedema 
5 (Wheeler and Cowan, Agents Actions 1991, 34, 264-269) in which the novel 
compounds of formula I exhibit a potent inhibitory effect. Compounds of formula 
I may be used to treat all painful, hyperalgesic and/or inflammatory conditions 
in which C-fibers play a pathophysiological role by eliciting neurogenic pain or 
inflammation, i.e.: 

10 Acutely painful conditions exemplified by migraine, postoperative pain, burns, 
bruises, post-herpetic pain (Zoster) and pain as it is generally associated with 
acute inflammation; chronic, painful and/or inflammatory conditions exemplified 
by various types of neuropathy (diabetic, post-traumatic, toxic), neuralgia, 
rheumatoid arthritis, spondylitis, gout, inflammatory bowel disease, prostatitis. 

15 cancer pain, chronic headache, coughing, asthma, chronic pancreatitis, inflam- 
matory skin disease including psoriasis and autoimmune dermatoses, 
osteoporotic pain. 

Further, it has been demonstrated that the compounds of general formula I im- 
20 proves the glucose tolerance in diabetic ob/ob mice and that this may result 
from the reduced release of CGRP from peripheral nervous endings. Hence the 
compounds of general formula I may be used in the treatment of NIDDM as 
well as aging-associated obesity. Experimentally this has been demonstrated 
by the subcutaneous administration of glucose into ob/ob mice with or without 
25 previous oral treatment with a compound of general formula I. 

The compounds of formula I may be prepared by the following method: 
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w 



(II) (III) 



A compound of formula II wherein R 1 , R 2 , X, Y and r are as defined above and 
W is a suitable leaving group such as halogen, p-toluene sulphonate or 
mesylate may be reacted with an azaheterocyclic compound of formula III 
5 wherein Z is as defined above. This alkylation reaction may be carried out in a 
solvent such as acetone, dibutylether, 2-butanone, methyl ethyl ketone, ethyl 
acetate, tetrahydrofuran (THF) or toluene in the presence of a base e.g. sodium 
hydride and a catalyst, e.g. an alkali metal iodide at a temperature up to reflux 
temperature for the solvent used for e.g. 1 to 120 h. If esters have been 
10 prepared in which R 4 is alkoxy, compounds of formula I wherein R 4 is OH may 
be prepared by hydrolysis of the ester group, preferably at room temperature in 
a mixture of an aqueous alkali metal hydroxide solution and an alcohol such as 
methanol or ethanol, for example, for about 0.5 to 6 h. 

15 Compounds of formula II and III may readily be prepared by methods familiar to 
those skilled in the art. 

Under certain circumstances it may be necessary to protect the intermediates 
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used in the above methods e.g. a compound of formula III with suitable protect- 
ing groups. The carboxylic acid group can, for example, be esterified. Introduc- 
tion and removal of such groups is described in "Protective Groups in Organic 
Chemistry" J.F.W. McOrnie ed. (New York, 1973). 

Pharmacologic' Methods 



pnrmalin ind ued pain or naw oedema 

Values for in wq inhibition of formalin induced pain or oedema for the com- 
10 pounds of the present invention were assessed in mice essentially by the 
method of Wheeler-Aceto and Cowan (Agents Action 1991, 34, 265-269). 

About 20 g NMRI female mice were injected 20 ul 1 % formalin into the left 
hind paw. The animals were then placed on a heated (31 °C) table, and the 
15 pain response was scored. After 1 h they were killed and bled. Left and right 
hind paws were removed and the weight difference between the paws was 
used as indication of the oedema response of the formalin injected paw. 



Rgrinrad release of CGRP 



20 



ob/ob female mice, 16 weeks of age, where injected glucose (2g/kg) subcu- 
taneously. At times hereafter blood glucose was determined in tail venous 
blood by the glucose oxidase method. At the end of the study the animals were 
decapitated and trunck blood collected. Immunoreactive CGRP was determined 
25 in plasma by radio-immuno-assay. Two groups of animals were used. The one 
group was vehicle treated, whereas the other group received a compound of 
formula I via drinking water (100 mg/l) for five days before the test. 
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Values for inhibition of formalin induced pain response for some representative 
compounds are recorded in table 1. 

TABLE 1 

5 Inhibition of formalin induced pain response at 0.1 mg/kg 



Example no. 


% Pain inhibition 


2 


13 


4 


47 


5 


36 


8 


34 


9 


29 



15 For the above indications the dosage will vary depending on the compound of 
formula I employed, on the mode of administration and on the therapy desired. 
However, in general, satisfactory results are obtained with a dosage of from 
about 0.5 mg to about 1000 mg, preferably from about 1 mg to about 500 mg 
of compounds of formula I, conveniently given from 1 to 5 times daily, optional- 

20 ly in sustained release form. Usually, dosage forms suitable for oral administra- 
tion comprise from about 0.5 mg to about 1000 mg, preferably from about 1 mg 
to about 500 mg of the compounds of formula I admixed with a pharmaceutical 
carrier or diluent. 

25 The compounds of formula I may be administered in a pharmaceutical^ accept- 
able acid addition salt form or where possible as a metal or a lower alkylammo- 
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nium salt. Such salt forms exhibit approximately the same order of activity as 
the free base forms. 

. This invention also relates to pharmaceutical compositions comprising a com- 
5 pound of formula I or a pharmaceutical^ acceptable salt thereof and, usually, 
such compositions also contain a pharmaceutical carrier or diluent. The compo- 
sitions containing the compounds of this invention may be prepared by conven- 
tional techniques and appear in conventional forms, for example capsules, 
tablets, solutions or suspensions. 



10 



15 



The pharmaceutical carrier employed may be a conventional solid or liquid 
carrier. Examples of solid carriers are lactose, terra alba, sucrose, talc, gelatin, 
agar, pectin, acacia, magnesium stearate and stearic acid. Examples of liquid 
carriers are syrup, peanut oil, olive oil and water. 

Similarly, the carrier or diluent may include any time delay material known to 
the art, such as glyceryl monostearate or glyceryl distearate, alone or mixed 
with a wax. 

20 If a solid carrier for oral administration is used, the preparation can be tabletted, 
placed in a hard gelatin capsule in powder or pellet form or it can be in the 
form of a troche or lozenge. The amount of solid carrier will vary widely but will 
usually be from about 25 mg to about 1 g. If a liquid carrier is used, the 
preparation may be in the form of a syrup, emulsion, soft gelatin capsule or 

25 sterile injectable liquid such as an aqueous or non-aqueous liquid suspension 
or solution. 

Generally, the compounds of this invention are dispensed in unit dosage form 
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comprising 50-200 mg of active ingredient in or together with a pharmaceuti- 
cally acceptable carrier per unit dosage. 



The dosage of the compounds according to this invention is 1-500 mg/day, e.g. 
5 about 100 mg per dose, when administered to patients, e.g. humans, as a 
drug. 

A typical tablet which may be prepared by conventional tabletting techniques 
contains 

10 

Core: 

Active compound (as free compound 100 mg 

or salt thereof) 

Colloidal silicon dioxide (Areosil®) 1.5 mg 

15 Cellulose, microcryst. (Avicel®) 70 mg 

Modified cellulose gum (Ac-Di-Sol®) 7.5 mg 

Magnesium stearate 

Coating; 

20 HPMC approx. 9 mg 

'Mywacett® 9-40 T approx. 0.9 mg 



'Acylated monoglyceride used as plasticizer for film coating. 

25 The route of administration may be any route which effectively transports the 
active compound to the appropriate or desired site of action, such as oral or 
parenteral e.g. rectal, transdermal, subcutaneous, intranasal, intramuscular, 
topical, intravenous, intraurethral, ophthalmic solution or an ointment, the oral 
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route being preferred. 
FXAMPLES 

5 The process for preparing compounds of formula I and preparations containing 
them is further illustrated in the following examples, which, however, are not to 
be construed as limiting. 

Hereinafter, TLC is thin layer chromatography. CDCI 3 is deuterio chloroform 
10 and DMSO-d 6 is hexadeuterio dimethylsulfoxide. The structures of the com- 
pounds are confirmed by either elemental analysis or NMR. where peaks 
assigned to characteristic protons in the title compounds are presented where 
appropriate. 1 H NMR shifts (6 H ) are given in parts per million (ppm). M.p. is 
melting point and is given in °C and is not corrected. Column chromatography 
15 was carried out using the technique described by W.C. Still et al. J. Org. Chem. 
(1978). 43. 2923-2925 on Merck silica gel 60 (Art. 9385). Compounds used as 
starting materials are either known compounds or compounds which can readily 
be prepared by methods known pei sfi. 

20 FXAMPLE 1 



1 .(3-(1 0.1 1 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-4-piperidinecarboxylic 
acid hydrochloride 

25 
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5 To a suspension of 10,11-dihydro-5H-dibenz[b,f]azepine (15.2 g, 0.078 mol) in 
toluene (100 ml), 3-chloropropionyl chloride (9.50 ml, 0.099 mol) was added, 
and the resulting mixture was heated at reflux temperature for 1 h. Saturated 
aqueous sodium bicarbonate (100 ml) was added, and the phases were separ- 
ated. The organic phase was washed with brine (100 ml), dried (MgS0 4 ) and 
10 concentrated in vacuo . This afforded 23.6 g of 3-chloro-1-(10,11-dihydro-5H- 
dibenz[b,f]azepin-5-yl)-1-propanone as a solid which was used in the following 
step without further purification. 

M.p. 107-108 °C. 
15 Calculated for C 17 H 16 CINO: 

C, 71.45 %; H, 5.64 %; N, 4.90 %. Found: 
C, 71.45 %; H, 5.79 %; N, 5.01 %. 

To a solution of 3-chloro-1-(10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1- 
20 propanone (14.0 g, 0.044 mol) in tetrahydrofuran (150 ml) at 0 °C, sodium 
borohydride (6.66 g, 0.176 mol) was added, followed by dropwise addition of 
glacial acetic acid (10.0 ml). The resulting mixture was stirred at room tempera- 
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ture overnight and then heated at reflux temperature for 2 h. More sodium 
borohydride (6.50 g, 172 mmol) and then borontrifluoride diethyl etherate (20.0 
ml, 0.163 mol) were added and heating at reflux temperature was continued for 
20 h. Water (350 ml) was cautiously added and the phases were separated. 
5 The aqueous phase was extracted with toluene (3 x 100 ml). The combined 
organic phases were washed with brine (3 x 100 ml), dried (MgS0 4 ) and 
concentrated ioacm The residue was purified by flash chromatography on 
silica gel (100 g) using a gradient of heptane and ethyl acetate (10:0 -> 10:2), 
to give 4.58 g (38 %) of 5-(3-chloropropyl)-10,11-dihydro-5H-dibenz[b ( f]azepine 

10 as an oil. 

TLC: R, = 0.63 (Si0 2 : ethyl acetate/heptane - 1:2). 

A mixture of 4-piperidinecarboxylic acid ethyl ester (2.55 g, 16.2 mmol), 
15 acetonitrile (13 ml), the above chloride (2.00 g. 0.0074 mol) and potassium 
iodide (1.14 g, 0.0068 mol) was heated at reflux temperature for 4 h and then 
stirred at room temperature overnight. Water (50 ml) was added and the 
product was extracted with ethyl acetate (3 x 20 ml). The combined organic 
extracts were washed with brine (2 x 20 ml), dried (MgS0 4 ) and concentrated 
20 in vacuo . The residue was purified by flash chromatography on silica gel using 
a gradient of heptane and ethyl acetate (10:1 -> 1:1), to give 1.6 g (54 %) of 1- 
(3-(10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4-piperidinecarboxylic acid 

ethyl ester as an oil. 

25 TLC: R, = 0.26 (Si0 2 : ethyl acetate/heptane = 1:1). 
Calculated for C 25 H 32 N 2 0 2 : 
C, 76.50 %; H, 8.22 %; N, 7.14 %. Found: 
C, 76.34 %; H, 8.51 %; N, 6.88 %. 
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The above ester (1.01 g, 2.57 mmol) was dissolved in ethanoi (10 ml), and a 
solution of sodium hydroxide (0.59 g, 14.8 mmol) in water (1.5 ml) was added. 
The resulting mixture was stirred at room temperature for 3.5 h. A mixture of 
water (20 ml) and concentrated hydrochloric acid (3.0 ml) was added, and the 
5 aqueous phase was extracted with dichloromethane (3x15 ml). The combined 
organic extracts were washed with brine (20 ml) and dried (MgS0 4 ). Evapor- 
ation of the solvent gave a foam, which was redissolved in a mixture of meth- 
anol (1.0 ml) and ethyl acetate (5.0 ml). Concentration in vacuo afforded a 
solid, which was suspended in ethyl acetate (15 ml), heated at reflux tempera- 
10 ture for 1 minute and allowed to cool to room temperature. The solid was 
filtered off and dried to give 0.9 g (88 %) of the title compound as a powder. 

Mp 195-197 °C. 
Calculated, for C 23 H 2B N 2 0 2 ,HCI: 
15 C, 68.90 %; H, 7.29 %; N, 6.99 %. Found: 
C, 68.90 %; H, 7.55 %; N, 6.72 %. 



20 



EXAMPLE 2 

4-(4-Chlorophenyl)-1-(3-(10,11-dihydro-5H-diben2[b,f]azepin-5-yl)-1- 
propyl)piperidin-4-ol hydrochloride 
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Ethyl malonyl chloride (25.0 g, 0.166 mol) was added to a suspension of 10,11- 
5 dihydro-5H-dibenz[b,f]azepine (27.6 g, 0.141 mol) in toluene (250 ml), and the 
resulting mixture was heated at reflux temperature for 1 h. Saturated, aqueous 
sodium bicarbonate (200 ml) was added, and the phases were separated. The 
organic phase was washed with brine (2 x 150 ml), dried (MgS0 4 ) and concen- 
trated JnjoaiQ. This afforded 56.0 g (100 %) of 3-(10.1 1-dihydro-5H- 
10 dibenz[b,f]azepin-5-yl)-3-oxopropionic acid ethyl ester as an oil, which was used 
in the following step without further purification. 

Lithium aluminum hydride (20.0 g, 0.527 mol) was introduced into a 
roundbottom flask under a nitrogen atmosphere. Toluene (800 ml) was added, 

15 followed by tetrahydrofuran (80 ml). The resulting suspension was cooled to 10- 
20 °C. The above crude 3-oxopropionic acid ester was dissolved in 
tetrahydrofuran (250 ml) and slowly added dropwise. The addition rate was 
adjusted to assure that the temperature was kept at 10-20 "C. The resulting 
mixture was stirred at room temperature overnight. After cooling. 2 N sodium 

20 hydroxide (200 ml) was added cautiously. Water (1.0 I) was added, the organic 
layer was decanted off and the aqueous phase was extracted with toluene (2 x 
300 ml). The combined organic phases were washed with brine (2 x 100 ml), 
dried (MgS0 4 ) and concentrated in vacuo. The residue was purified by flash 
chromatography on silica gel (175 g) using a gradient of heptane and ethyl 

25 acetate (10:0 -> 2:1). affording 21.2 g (59 %) of 3-(10.11-dihydro-5H-dibenz- 
[b,f]azepin-5-yl)-1-propanol as an oil. 

To a stirred solution of the above alcohol (1.01 g. 0.004 mol) and triethylamine 
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(1.02 g, 0.010 mol) in toluene (25 ml) at 0°C, methanesulfonyl chloride (0.6 ml, 
0.0077 mol) was added dropwise over 10 minutes. The resulting mixture was 
stirred at 0 °C for 1.5 h. Water (50 ml) was added and the phases were 
separated. The aqueous phase was extracted with toluene (50 ml), and the 
5 combined organic phases were washed with brine (2 x 50 ml), dried (MgSOJ 
and concentrated in vacuo. The crude mesylate Was mixed with 4-(4- 
chlorophenyl)piperidin-4-ol (0.81 g, 0.004 mol) and potassium carbonate (1.08 
g, 0.008 mol) in acetonitrile (9 ml) and heated at reflux temperature for 6 h. The 
reaction mixture was left stirring at room temperature for 2 days. Water (50 ml) 
10 was added and the mixture was extracted with ethyl acetate (3x15 ml), wash- 
ed with brine (2 x 20 ml), dried (MgS0 4 ) and concentrated in vacuo . Water (50 
ml) was added and the mixture was acidified by addition of concentrated 
hydrochloric acid (3 ml). The aqueous solution was extracted with 
dichloromethane (2 x 20 ml), washed with brine (2 x 20 ml), dried (MgS0 4 ) and 
1 5 concentrated in vacuo. The resulting oil was dissolved in a mixture of ethyl 
acetate (15 ml) and methanol (2 ml). Heptane was added in small portions, just 
until the solution turned slightly turbid. After 4 h, crystals were filtered off, 
washed with heptane and dried, affording 1.1 g (61 %) of the title compound as 
a solid. 

20 

M.p. 189-191 °C. 

Calculated for C 28 H 30 N 2 O, HCI: 

C, 69.56 %; H, 6.67 %; N, 5.79 %; Found: 

C, 69.88 %; H, 6.92 %; N, 5.62 %. 

25 

EXAMPLE 3 



1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-3-piperidinemethanol 
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hydrochloride 




A mixture of 3-(hydroxymethyl)piperidine (1.01 g, 0.0088 mol). acetonitrile (9 
ml), 5-(3-chloropropyl)-10,11-dihydro-5H-dibenzo[b ; f]azepine (0.86 g, 0.003 mol, 
pre-pared similarly as described in example 1) and potassium iodide (0.56 g, 

10 0.003 mol) was heated at reflux temperature for 18 h. Water (20 ml) was 
added, and the mixture was extracted with ethyl acetate (3x15 ml). The 
combined organic extracts were washed with brine (2 x 20 ml), dried (MgS0 4 ) 
and concentrated in vacuo . The residue was redissolved in a mixture of water 
(20 ml) and concentrated hydrochloric acid (3 ml), and extracted with dichloro- 

15 methane (3x10 ml). The combined organic extracts were washed with brine 
(20 ml), dried (MgS0 4 ) and concentrated in vacuo- The residue was crystallised 
from a mixture of methanol (0.5 ml) and ethyl acetate (5 ml), affording 0.8 g (61 
o/ 0 ) of th» t' tlp (impound as needles. 

20 M.p. 145-147 °C. 

Calculated for C 23 H 30 N 2 O, HCI: 
C, 71.39; H, 8.07; N, 7.24; Found: 
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C, 71.15; H, 8.29; N, 7.01 

EXAMPLE 4 

5 

1-(3-(10,11-Dihydro-5H-dibenz[b,f]a2epin-5-yl)-1-propyl)-3-pipericline- 
carboxamide hydrochloride 




10 



To a stirred solution of 3-(10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propanol 
(1.44 g, 0.0057 mol, prepared similarly as described in example 2) and 

15 triethylamine (1.46 g, 0.014 mol) in toluene (40 ml) at 0°C, methanesulfonyl 
chloride (0.88 ml, 0.011 mol) was added dropwise over 10 minutes. The 
resulting mixture was stirred at 0 °C for 1.5 h. Toluene (50 ml) and water (100 
ml) were added, and the phases were separated. The aqueous phase was 
extracted with toluene (50 ml), and the combined organic phases were washed 

20 with brine (2 x 100 ml), dried (MgS0 4 ) and concentrated in vacuo . The residue 
was dissolved in acetonitrile (20 ml) and 3-piperidinecarboxamide (1.09 g, 
0.0085 mol) and potassium carbonate (1.76 g, 0.013 mol) were added. The 
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mixture was heated at reflux temperature for 4 h, and stirred at room tempera- 
ture for 40 h. Water (20 ml) was added, and the product was extracted with 
ethyl acetate (2 x 20 ml). The combined organic extracts were washed with 
brine (2 x 20 ml), dried (MgS0 4 ) and concentrated in vacuo- Water (20 ml) and 

5 concentrated hydrochloric acid (3.0 ml) were added, and the mixture was 
extracted with dichloromethane (2 x 20 ml), dried (MgS0 4 ) and concentrated in 
iacufi. The residue was redissolved in a mixture of warm ethyl acetate (10 ml) 
and methanol (1.0 ml), and after standing for 5 h at room temperature, a 
precipitate was filtered off and dried, affording 1.56 g (64 %) of the tit l e com- 

10 pound . 

HPLC retention time - 20.44 minutes (5 urn C18 4 x 250 mm column, eluting 
with a 20-80 % gradient of 0.1 % trifluoroacetic acid/acetonitrile and 0.1 % 
trifluoroacetic acid/water over 30 minutes at 35 °C) 

15 

Calculated for C 23 H 29 N 3 0, HCI, 1.5 H 2 0: 
C, 64.70 %; H, 7.78 %; N, 9.84 %; Found: 
C, 65.13 %; H, 7.85 %; N, 9.85 %. 

20 FX AMPLE 5 



1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-2-piperidinecarboxylic 
acid hydrochloride 
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,HCI 



5 A mixture of 2-piperidinecarboxylic acid ethyl ester hydrochloride (0.60 g, 0.003 
mol), acetonitrile (10 ml), 5-(3-chloropropyl)-10,11-dihydro-5H- 
dibenzo[b,f]azepine (0.60 g, 0.002 mol, prepared similarly as described in 
example 1), potassium iodide (0.40 g, 0.002 mol), potassium carbonate (1.03 g, 
0.008 mol) and N.N-dimethylformamide (5 ml) was heated at reflux temperature 

10 for 85 h. Water (50 ml) was added, and the aqueous solution was extracted 
with ethyl acetate (3 x 20 ml). The combined organic extracts were washed 
with brine (2 x 50 ml), dried (MgS0 4 ) and concentrated in vacuo . The product 
was purified by column chromatography on silica gel (15 g) using a gradient of 
heptane and ethyl acetate (100:0 ~> 100:25), affording 0.83 g (97 %) of 1-(3- 

15 (10,1 1-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-2-piperidinecarboxylic acid 
ethyl ester as an oil. 

TLC: R, = 0.58 (Si0 2 : heptane/ethyl acetate = 1:1). 

20 The above ester (0.83 g, 0.002 mol) was dissolved in a mixture of ethanol (8 
ml), water (2 ml) and sodium hydroxide (0.58 g, 0.015 mol). The reaction 
mixture was stirred at room temperature for 50 h and at 50 °C for 5 h. Water 
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(50 ml) and concentrated hydrochloric acid (3 ml) were added, and the resulting 
mixture was extracted with dichloromethane (3x10 ml). The combined organic 
extracts were washed with brine (2 x 20 ml), dried (MgS0 4 ) and concentrated 
ULYacUQ. The residue was re-dissolved in methanol (2 ml) and ethyl acetate (5 
5 ml) and concentrated in vacuo- The solid residue was washed with a small 
amount of ethyl acetate and dried, affording 0.6 g (73 %) of thf title compound 
as a powder. 

M.p. 122-126 °C. 
10 Calculated for C 23 H 2B N 2 0 2 , HCI, 0.25 H 2 0: 
C, 68.14 %; H, 7.33 %; N, 6.91 %; Found: 
C, 68.34 %; H, 7.63 %; N, 6.66 %. 

EXAMPLE 6 

15 

Potassium 4-(3-(1 0,1 l-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-2-piperaz.ne- 
carboxylate 




O- K + 



20 
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A mixture of 2-piperazinecarboxylic acid dihydrochloride (5.06 g, 0.025 mol), 
ethanol (100 ml) and concentrated sulphuric acid (6.0 ml) was heated at reflux 
temperature for 6 days. Toluene (10 ml) was added, and the resulting mixture 
was concentrated in vacuo to 2/3 of its original volume. Cold, saturated aque- 
5 ous potassium carbonate (80 ml) was added and the mixture was extracted 
with toluene (3 x 100 ml). The combined organic extracts were washed with 
brine (30 ml), dried (MgSOJ and concentrated in vacuo , affording 1.0 g (26 %) 
of 2-piperazinecarboxylic acid ethyl ester as an oil. The oil crystallised upon 
standing at room temperature. 

10 

To a stirred solution of 3-(10,1 1-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propanol 
(1.17 g, 0.0046 mol, prepared similarly as described in example 2) and 
triethylamine (1.18 g, 0.012 mol) in toluene (30 ml) at 0°C. methanesulfonyl 
chloride (0.70 ml, 0.009 mol) was added dropwise over 10 minutes. The 

15 resulting mixture was stirred at 0 °C for 1 h. Toluene (50 ml) and water (100 
ml) were added, and the phases were separated. The aqueous layer was 
extracted with toluene (50 ml), and the combined organic phases were washed 
with brine (2 x 100 ml), dried (MgSOJ and concentrated in vacuo . The residue 
was dissolved in acetonitrile (10 ml) and the above 2-piperazine-carboxylic acid 

20 ethyl ester (1.40 g, 0.0089 mol), potassium carbonate (0.67 g, 0.0049 mol) and 
toluene (5 ml) were added. The resulting mixture was heated at reflux tempera- 
ture for 18 h. Water (50 ml) was added, and the mixture was extracted with 
ethyl acetate (3 x 20 ml). The combined organic extracts were washed with 
brine (2 x 20 ml), dried (MgS0 4 ) and concentrated in vacuo . The residue was 

25 purified by column chromatography on silica gel (27 g) using a gradient of 
methanol and ethyl acetate (5:100 -> 20:100), affording 0.6 g (33 %) of 4-(3- 
(10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-2-piperazinecarboxylic acid 
ethyl ester as an oil. 
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TLC: R ( - 0.60 (Si0 2 : ethyl acetate/methanol = 1:1). 

A mixture of the above ester (0.55 g, 0.0014 mol), ethanol (5 ml), water (1 ml) 
and sodium hydroxide (0.34 g. 0.0085 mol) was stirred at room temperature for 

5 18 h. Water (50 ml) and concentrated hydrochloric acid (3 ml) were added and 
the solution was washed with dichloromethane (4 x 15 ml). The 
dichloromethane extracts were discarded. The aqueous phase was made 
alkaline by addition of potassium carbonate (7.1 g) and the mixture was 
extracted with dichloromethane (4x15 ml). The combined organic extracts 

10 were washed with brine (20 ml), dried (MgS0 4 ) and concentrated iDJiacufi- Thii 
gave 0.6 g of an oil, which was triturated with acetonitrile (2 ml) and then dried 
in vacuo , affording 0.5 g (90 %) of the title compound as a waxy solid. 

M.p. 151-155 °C. 
15 Calculated for C^H^NAK, 0.5 H 2 0: 

C, 64.05 %; H, 6.59 %; N, 10.18 %; Found: 
C, 64.34 %; H, 7.04 %; N, 10.16 %. 



FXAMPLE 7 



20 



Sodium 4-(3-(10,11-dihydro-5H-dibenz[b,f]azepin.5-yl)-1-propyl)-1- 



piperazineacetate 
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To a solution of 3-(10,11-dihydro-5H-diben2fb,f]a2epin-5-yl)-1-propanol (1.44 g, 
5 0.0057 mol, prepared similarly as described in example 2) in dichloromethane 
(30 ml) at 0 °C, triethylamine (1.73 g, 0.017 mol) was added followed by 
methanesulfonyl chloride (0.9 ml, 0.012 mol). The resulting mixture was stirred 
for 30 minutes at 0 °C. Water (50 ml) was added, the phases were separated, 
and the organic layer was washed with brine (20 ml), dried (MgS0 4 ) and 

10 concentrated in vacuo. The residue was dissolved in acetonitrile (10 ml), N- 
(ethoxycarbonylmethyl)piperazine (2.44 g, 0.014 mol) was added and the 
reaction mixture was heated at 82 °C for 5.5 h. Water (50 ml) was added and 
the mixture was extracted with ethyl acetate (3 x 20 ml). The combined organic 
extracts were washed with brine (30 ml), dried (MgSOJ and concentrated in 

15 yajaiQ. The residue was purified by column chromatography on silica gel (35 g) 
using ethyl acetate as eluent. This gave 1.5 g (63 %) of 4-(3-( 10,11 -dihydro-5H- 
dibenz[b,f]azepin-5-yl)-1-propyl)-1-piperazineacetic acid ethyl ester as an oil. 

TLC: R,= 0.18 (Si0 2 : ethyl acetate). 

20 

A mixture of the above ester (0.94 g, 0.0023 mol), ethanol (5 ml), water (1 ml) 
and sodium hydroxide (0.31 g, 0.0078 mol) was stirred at room temperature for 
4.5 h. Water (50 ml) and concentrated hydrochloric acid (3 ml) were added and 
the solution was washed with dichloromethane (3x10 ml). The organic 
25 extracts were discarded. The aqueous phase was made alkaline by addition of 
4 N sodium hydroxide (20 ml) and potassium carbonate (4 g). The mixture was 
extracted with dichloromethane (5 x 20 ml), and the combined organic extracts 
were dried (MgSOJ and concentrated in vacuo , affording 0.9 g of a foam. The 



WO 96/31498 



PCIYDK96/UUlJy 



-30- 



foam was triturated and washed with ethyl acetate (2 ml), and dried iojiacm 
affording 0.5 g (56 %) of the title compound as a solid. 

HPLC retention time = 17.81 minutes (5 urn C18 4 x 250 mm column, eluting 
5 with a 20-80 % gradient of 0.1 % trifluoroacetic acid/acetonitrile and 0.1 % 
trifluoroacetic acid/water over 30 minutes at 35 °C) 

1 H NMR (400 MHz, CDCI 3 ) 5 1.60 (m, 2H). 2.10 - 2.60 (m, 12H), 3.12 (bs, 4H), 
3.68 (m, 2H), 6.83 - 7.17 (m, 8H). 

l0 FXAMPLE 8 

4-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-2-morpholinecarboxylic 
acid hydrochloride 




A mixture of 2-morpholinecarboxylic acid ethyl ester (0.50 g. 0.0031 mol, 
20 prepared similarly as described in Tetrahedron Letters, Volume 32, 2281-4, 
1991), acetonitrile (6 ml), potassium carbonate (0.50 g, 0.0036 mol), potassium 
iodide (0.54 g. 0.0033 mol), methanesulfonic acid 3-(10,11-dihydro-5H- 
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dibenz[b,f]azepin-5-yl)-1-propyl ester (0.36 g, 0.0011 mol, prepared similarly as 
described in example 2) and 5-(3-chloropropyl)-10,11-dihydro-5H- 
dibenz[b,f]azepine (0.40 g, 0.0015 mol, prepared similarly as described in 
example 1) was heated at reflux temperature for 22 h. Water (50 ml) was 
5 added, and the mixture was extracted with ethyl acetate (3x15 ml). The 
combined organic phases were washed with brine (20 ml), dried (MgSOJ and 
concentrated in vacuo . The product was purified by column chromatography on 
silica gel (30 g) using a gradient of heptane and ethyl acetate (10:0 -> 10:4). 
This gave 0.4 g (42 %) of 4-(3-( 10,11 -dihydro-5H-dibenz[b,f]azepin-5-yl)-1- 
10 propyl)-2-morpholinecarboxylic acid ethyl ester as an oil. 

TLC: R f = 0.33 (Si0 2 : ethyl acetate/heptane -1:1). 

A mixture of the above ester (0.40 g, 0.0010 mol), ethanol (10 ml) and 4 N 
15 sodium hydroxide (2 ml) was stirred at room temperature for 17 h. Water (50 
ml) and concentrated hydrochloric acid (3 ml) were added and the mixture was 
extracted with ethyl acetate (3 x 20 ml). The combined organic extracts were 
washed with brine (20 ml) and dried (MgS0 4 ). After filtering off the drying 
agent, a solid started to precipitate from the solution. After standing for 4 h at 
20 room temperature, the precipitate was filtered off, and the product was dried in 
vacuo . This gave 0.2 g (49 %) of the title compound as a solid. 

M.p. 196-199 °C. 

Calculated for C 22 H 26 N 2 0 3 , HCI, 0.25 H 2 0: 
25 C, 64.86 %; H, 6.80 %; N, 6.88 %; Found: 
C, 65.12 %; H, 7.09 %; N, 6.39 %. 



EXAMPLE 9 
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2-(3-(10,11-Dihydro-5H-dibenzlb,flazepin-5-yl)-1-propyl)-1,2,3,4-tetrahydro-3- 
isoquinolinecarboxylic acid hydrochloride 




5 



To a solution of 3-(10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propanol (1.05 g. 
0.0041 mol, prepared similarly as described in example 2) in dichloromethane 

10 (40 ml) at 0 °C. triethylamine (1.28 g, 0.013 mol) was added, followed by 
methanesulfonyl chloride (0.9 ml, 0.012 mol). After stirring for 30 minutes at 0 
°C, water (50 ml) was added and the phases were separated. The organic 
layer was washed with brine (20 ml), dried (MgS0 4 ) and concentrated iDjacua. 
The residue was dissolved in acetonitrile (12 ml), and 1 ,2,3,4-tetrahydro-3- 

15 isoquinolinecarboxylic acid methyl ester (1.13 g, 0.0050 mol). N.N-dimethyl- 
formamide (5 ml), potassium carbonate (1.32 g, 0.0096 mol) and potassium 
iodide (0.30 g. 0.0018 mol) were added. The reaction mixture was heated at 82 
°C for 12 h. N,N-Dimethylformamide (5 ml) was added and heating was 
continued for further 16 h. Water (50 ml) was added and the mixture was 

20 extracted with ethyl acetate (3 x 20 ml). The combined organic extracts were 
washed with brine (2 x 20 ml), dried (MgSOJ and concentrated iDjfacuQ. The 
product was purified by column chromatography on silica gel (80 g) using a 
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gradient of heptane and ethyl acetate (10:0 -> 10:3), affording 1.4 g (76 %) of 
2-(3-(1 0, 1 1-dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)- 1 ,2,3,4-tetrahydro-3- 
isoquinolinecarboxylic acid methyl ester as an oil. 

5 TLC: R f = 0.61 (Si0 2 : heptane/ethyl acetate = 1:1). 

A mixture of the above ester (0.80 g, 0.0019 mol), ethanol (5 ml), 
tetrahydrofuran (5 ml) and 4 N sodium hydroxide (4 ml) was stirred at room 
temperature for 22 h. Water (50 ml) and concentrated hydrochloric acid (2 ml) 
10 were added and the mixture was extracted with ethyl acetate (2 x 20 ml). The 
combined organic extracts were washed with brine (10 ml), dried (MgSOJ and 
concentrated in vacuo . This gave 0.8 g of a solid, which was triturated and 
washed with ethyl acetate (2x5 ml). Drying in vacuo afforded 0.6 g (75 %) of 
the title compound as a solid. 

15 

M.p. 205-208 °C. 

Calculated for C 27 H 28 N 2 0 2 , HCI, 0.25 H 2 0: 
C, 71.51 %; H, 6.56 %; N, 6.18 %; Found: 
C, 71.34 %; H. 6.69 %; N, 5.90 %. 

20 

EXAMPLE 1Q 

1-(3-(10,11-Dihydro-5H-dibenz[b,fJa2epin-5-yl)-1-propyl)-4-piperidineacetic acid 
hydrochloride 



25 
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A mixture of 5-(3-chloropropyl)-10,11-dihydro-5H-dibenz[b l fJazepine (1.5 g, 
5 0.0055 mol, prepared similarly as described in example 1) and potassium 
iodide (5.4 g, 0.0327 mol) in methyl ethyl ketone (100 ml) was heated at reflux 
temperature for 2.5 h. Potassium carbonate (1.5 g, 0.0109 mol) and 
4-piperidineacetic acid ethyl ester (1.4 g, 0.0082 mmol, described in J. Am. 
Chem. Soc, Vol. 75, 6249, 1953) were added and the reaction mixture was 
10 stirred at 75 °C overnight. After cooling, the reaction mixture was filtered (Hyflo) 
and the solvent was evaporated injacufl. The residue was purified by flash 
chromatography on silica gel (150 g) using a gradient of heptane and ethyl 
acetate (1:1-> 3:7), to give 0.6 g of 1 -(3-(10, 11-dihydro-5H-dibenzIb.fi- 
azepin-5-yl)-1-propyl)-4-piperidineacetic acid ethyl ester as an oil. 



15 



TLC: R, = 0.10 (Si0 2 : ethyl acetate/heptane = 1:1). 



To a solution of the above ester (0.6 g, 0.0015 mol) in ethanol (5 ml) 4 N 
sodium hydroxide (0.8 ml) was added and the mixture was stirred at room 
20 temperature for 2.5 h and then left in a freezer overnight. The cold reaction 
mixture was allowed to warm to room temperature during 1 h, and 4 N hydro- 
chloric acid (1.2 ml) and water (10 ml) were added. The mixture was extracted 
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with dichloromethane (2 x 100 ml). The combined organic extracts were dried 
(MgSOJ and the solvent was evaporated in vacuo. The residue was 
reevaporated with a mixture of acetone and isopropyl acetate and then treated 
with a mixture of acetone and isopropyl acetate to give a solid which was 
isolated and dried in vacuo . This afforded 0.33 g of the title compound . 

M.p. 185-188 °C. 

Calculated, for C 24 H 30 N 2 O 2 ,HCI: 

C, 69.47 %; H, 7.53 %; N, 6.75 %. Found: 

C, 69.21 %; H, 7.80 %; N, 6.45 %. 

EXAMPLE 11 

1-(3-(10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-4- 
piperidinecarboxylic acid hydrochloride 




5-(3-Bromo-1-propylidene)-10,1 1-dihydro-5H-dibenzo[a,d]cycloheptene (3.00 g, 
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0.0096 mol), potassium carbonate (8.3 g. 0.060 mol), potassium iodide (3.3 g, 
0.020 mol) and 4-piperidinecarboxylic acid ethyl ester (3.1 ml, 0.020 mol) was 
mixed in methyl ethyl ketone (100 ml) and heated at reflux temperature for 20 h 
and stirred at room temperature for 3 days. Water (100 ml) was added, the 

5 phases were separated, and the aqueous phase was extracted with ethyl 
acetate. The organic phase was dried (MgSOJ and evaporated in vacuo to 
give the crude product in almost quantitative yield. The crude product was 
treated with 1 N hydrochloric acid and ethyl acetate, evaporated to dryness and 
crystallised from ethyl acetate to give 2.89 g of 1-(3-(10,11-dihydro-5H- 

10 <ibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-4-piperidinecarboxylic acid ethyl 

ester hydrochloride as a solid. 
M.p. 169-170 °C. 

15 A mixture of the above ester (0.105 g, 0.27 mmol), ethanol (15 ml) and 1 N 
sodium hydroxide (10 ml) was heated at reflux temperature for 3 h and then 
cooled to room temperature. Water (75 ml) was added, and the mixture was 
acidified with 5 N hydrochloric acid and extracted with dichloromethane (3 x 75 
ml), dried (MgSOJ and evaporated in vacuo- The resulting foam was 

20 crystallised from acetone affording 0.080 g of thf litis compound as crystals. 

M.p. 224 - 226° C. 
Calculated, for C 24 H 27 N0 2 ,HCI: 
C. 72.44 %; H, 7.09 %; N, 3.52 %. Found: 
25 C, 72.83 %; H, 7.38 %; N, 3.23 %. 



FX. AMPLE 12 
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(R)-1-(3-(10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-3- 
piperidinecarboxamide hydrochloride 



(R)-1-(3-( 10,11 -Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1 -propyl)-3- 
piperidinecarboxylic acid hydrochloride (4.96 g, 12.5 mmol, prepared as 

10 described in WO 9518793) was dissolved in N.N-dimethylformamide (60 ml). N- 
Hydroxybenzotriazole (1.86 g, 13.8 mmol) and 1-ethyl-3-(3-dimethylamino- 
propyl)carbodiimide hydrochloride (2.64 g, 13.8 mmol) were added, and the 
resulting mixture was stirred at room temperature for 20 minutes. Ammonium 
hydrogencarbonate (1.98 g, 25 mmol) was added and the mixture was stirred 1 

15 day at room temperature. Ethyl acetate (200 ml) was added and the resulting 
mixture was extracted with water (200 ml), 5 % aqueous citric acid (200 ml), 
and saturated sodium hydrogencarbonate (200 ml). The combined aqueous 
phases were evaporated to dryness in vacuo and the residue was extracted 
with dichloromethane (200 ml). The resulting dichloromethane suspension was 

20 filtered and evaporated. The residue was purified by column chromatography 
on silica gel (600 ml) using a mixture of ethyl acetate and triethyl amine (95:5) 
as eluent. This afforded 1.92 g (43 %) of the free base as an oil, which was 




O 



(R) 



5 
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converted to the hydrochloride by dissolution in diethyl ether (25 ml) and 
addition of 1 N hydrochloric acid in diethyl ether (5.9 ml). Filtration followed by 
drying in vacuo , afforded 1 .53 g, (31 %) of the title compound as a solid. 

5 TLC: R, - 0.33 (Si0 2 : Ethyi acetate/triethylamine = 95:5). 

1 H NMR (400 MHz, CDCI 3 ): 8 1.38 (dq, 1H), 1.75 - 1.97 (m, 3H). 2.5 - 3.7 (m, 
13H), 5.78 (t, 1H), 7.0 - 7.3 (m, 8H), 7.63 (s, 1H), 10.8 (s, 1H). 

M.p. >250 °C 
10 Calculated for C 2 «H 28 N 2 0, HCI: 

C, 72.62 %; H, 7.36 %; N, 7.06 %; Found: 
C, 72.24 %; H, 7.59 %; N, 6.87 %. 



(R)-1-(3-(10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1 -propyl)-: 
pyrrolidinecarboxylic acid hydrochloride 



15 



FX AMPLE 13 
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5-(3-Bromo-1-propylidene)-10,11-dihydro-5H-dibenzo[a,d]cycloheptene (3.86 g, 
12.3 mmol, prepared as described in WO 9518793), potassium carbonate (10.2 
5 g, 74 mmol), potassium iodide (4.08 g, 24.6 mmol), and D-proline methyl ester 
hydrochloride (2.45 g, 14.8 mmol) were mixed in methyl ethyl ketone (40 ml) 
and heated at reflux temperature for 20 h. After cooling, the mixture was filtered 
and the filtrate was evaporated in vacuo . The residue was purified by column 
chromatography on silica gel (800 ml) using a mixture of ethyl acetate and 
10 heptane (1:3) as eluent. This afforded 0.96 g (22 %) of (R)-1-(3-(10,11-dihydro- 
5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-2-pyrrolidinecarboxylic acid 
methyl ester as an oil. 

TLC: R f = 0.39 (Si0 2 : ethyl acetate/heptane = 1:2). 

15 

The above ester was dissolved in 1,4-dioxane (40 ml), and water (5 ml) was 
added. 1 N Aqueous sodium hydroxide (2.15 ml) was added in portions at room 
temperature over 6 h. The mixture was stirred overnight at room temperature. 1 
N Aqueous sodium hydroxide (0.84 ml) was added in portions over 20 h. Water 
20 (100 ml) was added and the mixture was washed with diethyl ether (2 x 100 
ml). The aqueous phase was acidified to pH = 2 with 1 N hydrochloric acid and 
extracted with dichloromethane (2 x 100 ml). The combined organic extracts 
were dried (MgS0 4 ) and evaporated in vacuo to give 0.29 g (41 %) of the title 
compound as an amorphous solid. 

25 

1 H-NMR (400 MHz, CDCI 3 ): 8 1.95 (bs, 2H), 2.3 (m, 2H), 2.5-3.4 (m. 11 H), 
5.78 (t, 1H), 7.0-7.3 (m, 8H). 
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Calculated for C 23 H 25 N0 2 , HCI: 

C, 71.96 %; H, 6.83 %; N, 3.65 %, Found: 

C, 72.15 %; H, 7.37 %; N, 3,40 %. 

FXAMPLE 14 

(S)-1-(3-(10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-2- 
pyrrolidinecarboxylic acid hydrochloride 




15 5-(3-Bromo-1-propylidene)-10,11-dihydro-5H-dibenzo[a,d]cycloheptene (2.00 g, 
6.4 mmol, prepared as described in WO 9518793), potassium carbonate (5.3 g. 
38.4 mmol), potassium iodide (2.12 g, 12.8 mmol), and L-proline methyl ester 
hydrochloride (1.27 g, 7.7 mmol) were mixed in methyl ethyl ketone ( 40 ml) 
and heated at reflux temperature for 12 h. After cooling, the mixture was 

20 filtered, and the filtrate was evaporated. The residue was purified by column 
chromatography on silica gel (800 ml) using a mixture of ethyl acetate and 
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heptane (1:2) as eluent. This afforded 1.64 g (71 %) of (S)-1-(3-(10,11-dihydro- 
5H-dibenzo[a,dlcyclohepten-5-ylidene)-1-propyl)-2-pyrrolidinecarboxylic acid 
methyl ester as an oil. 

5 TLC: R f = 0.39 (Si0 2 : ethyl acetate/heptane = 1:2) 

The above ester (1.3 g, 3.6 mmol) was dissolved in 1,4-dioxane (50 ml), and 
water (5 ml) was added. 1 N Aqueous sodium hydroxide (3.8 ml) was added in 
portions at room temperature over 6 h. The mixture was stirred overnight at 
10 room temperature. Water (100 ml) was added and the mixture was washed 
with diethyl ether (2 x 100 ml). The aqueous phase was acidified to pH = 2 with 
1 N hydrochloric acid and extracted with dichloromethane (2 x 100 ml). The 
combined organic extracts were dried (MgSOJ and evaporated in vacuo to give 
0.80 g (58 %) of the title compound as an amorphous solid. 

15 

1 H-NMR (400 MHz, CDCI 3 ): 6 1.95 (bs, 2H), 2.3 (m, 2H), 2.5-3.4 (m, 11 H), 
5.78 (t, 1H), 7.0-7.3 (m, 8H). 

Calculated for C 23 H 25 N0 2 , HCI: 
20 C, 71.96 %; H, 6.83 %; N, 3.65 %; Found: 
C, 72.61 %; H, 7.30 %; N, 3.34 %. 

EXAMPLE 15 

25 1 -(3-(1 0, 1 1 -Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)- 1 -propyl)-2- 
piperidinecarboxylic acid hydrochloride. 
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5 5-(3-Bromo-1-propylidene)-10,11-dihydro-5H-dibenzo[a,d]cycloheptene (10.0 g, 
22 mmol, prepared as described in WO 9518793), potassium carbonate (18.24 
g, 132 mmol), and DL-pipecolinic acid ethyl ester hydrochloride (5.40 g. 26 
mmol) were mixed in ethyl acetate (50 ml) and heated at reflux temperature for 
16 h. Additional potassium carbonate (10 g), DL-pipecolinic acid ethyl ester 

10 hydrochloride (2 g), and ethyl acetate (50 ml) were added and the mixture was 
heated at reflux temperature for 24 h. After cooling, the mixture was filtered, 
and the filtrate was evaporated. The residue was purified by column chroma- 
tography on silica gel (500 ml), eluting first with dichloromethane, and then with 
ethyl acetate. This afforded 7.92 g (92 %) of 1-(3-(10,11-dihydro-5H- 

15 dibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-2-piperidine carboxylic acid ethyl 

ester as an oil. 

TLC: R, = 0.54 (Si0 2 : ethyl acetate/heptane = 3:7) 

20 1 N Hydrochloric acid (100 ml) was added to the above ester (7.7 g, 20 mmol) 
and the mixture was heated for 1 h while water and ethanol was distilled off (20 
ml distilled). Water (40 ml) was added and the mixture was heated for 5 h while 
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water and ethanol was distilled off. After cooling, toluene (100 ml) was added to 
the mixture. The precipitated crystals were isolated by filtration and washed 
with 1 N hydrochloric acid, affording the crude product (5.3 g). A portion of this 
(2.0 g) was further purified by dissolution in water (100 ml, 75° C) and addition 
5 of 37 % hydrochloric acid (6 ml). The mixture was allowed to cool to room 
temperature. Filtration, washing with 1 N hydrochloric acid and drying in vacuo 
afforded 1.72 g of the title compound as a solid. 

M.p. 126-127 °C. 

10 1 H NMR (300 MHz, CDCI 3 ): 6 1.5-1.75 (m, 4H), 2.1 (m, 1H), 2.5-3.5 (m, 11H), 
4.10 (bs, 1H), 5.80 (t, 1H), 7.05-7.23 (m, 8H). 

Calculated for C 23 H 26 N0 2 , HCI, 0.5 H 2 0: 
C, 70.13 %; H, 7.16 %; N, 3.56 %, Found: 
15 C, 69.74 %; H, 7.46 %; N, 3.08 %. 



1-(3-(10H-Phenoxazin-10-yl)-1-propyl)-4-piperidinecarboxylic acid hydrochloride. 

20 



EXAMPLE 16 
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Phenoxazine (10.0 g, 54.6 mmol) was dissolved in N,N-dimethylformamide (300 
ml) under a nitrogen atmosphere. Sodium hydride (3.27 g, 81.9 mmol, 60 % 
dispersion in oil) was added in portions, and the resulting mixture was stirred 

5 for 20 minutes at room temperature. Dropwise, 1-bromo-3-chloro-propane 
(21.48 g, 0.136 mmol) was added. The mixture was stirred overnight. 
Ammoniumchloride (5.5 g, 0.10 mol) was added over 4 minutes and stirring 
was continued for 30 minutes. The mixture was poured into water (800 ml) and 
extracted with dichloromethane (2 x 600 ml). The combined organic extracts 

10 were dried (MgS0 4 ) and evaporated isutSSUQ. This afforded 16.0 g crude 10-(3- 
chloropropyl)-1 OH-phenoxazine. 

The above crude chloride (5.09 g, 17.4 mmol) was dissolved in acetonitrile (100 
ml) and potassium iodide (2.74 g, 16.5 mmol) was added. 4-Piperidine- 

15 carboxylic acid ethyl ester (6.00 g, 38.2 mmol) was dissolved in acetonitrile (30 
ml) and added. The resulting mixture was heated at reflux temperature for 24 h 
and left stirring at room temperature for 48 h. Water (100 ml) was added 
followed by ethyl acetate (100 ml). The aqueous phase was extracted with ethyl 
acetate (3 x 100 ml), and the combined organic phases were washed with brine 

20 (2 x 100 ml) and dried (MgS0 4 ). After evaporation in vacuo , the residue was 
purified by column chromatography on silica gel (500 ml) using a mixture of 
heptane and ethyl acetate (1:1) as eluent. This afforded 5.18 g (77 %) of 1-(3- 
(10H-phenoxazin-10-yl)-1-propyl)-4-piperidinecarboxylic acid ethyl ester as an 

oil. 



25 



TLC: R ( = 0.2 (Si0 2 : ethyl acetate/heptane = 1:1) 

The above ester (1.56 g, 4.04 mmol) was dissolved in a mixture of 96 % 
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ethanol (20 ml) and tetrahydrofuran (20 ml). A solution of sodium hydroxide 
(0.95 g) in water (3 ml) was added, and the reaction mixture was stirred at 
room temperature for 1.5 h. 0.1 M Hydrochloric acid (28 ml) was added and the 
mixture was extracted with dichloromethane (3 x 30 ml). The combined organic 
5 extracts were washed with brine (30 ml), dried (MgS0 4 ) and evaporated 1q 
vacuo . Twice, acetone was added and the solution was evaporated in vacuo . 
After a third addition of acetone, precipitation started, and the mixture was left 
stirring 2 h. After filtration, the solid was re-suspended in acetone (25 ml) and 
left stirring overnight. The solid was filtered off, washed with acetone and dried. 
10 This afforded 1.30 g (83 %) of the title compound as a solid. 

M.p. 196-198 °C. 
Calculated for C 21 H 24 N 2 0 3 , HCI: 
C, 64.86 %; H, 6.48 %; N, 7.20 %, Found: 
15 C, 64.82 %; H, 6.78 %; N, 6.77 %. 



EXAMPLE 17 



20 



1-(3-(3-Chloro-10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4- 
piperidinecarboxylic acid hydrochloride. 




WO 96/31498 



PCT/DK96/00139 



-46- 



3-Chloro-10,11-dihydro-5H-diben2[b,f]azepine (3.82 g, 16.6 mmol) was dis- 
solved in toluene (20 ml). A solution of 3-chloropropionylchloride (2.53 g, 19.9 

5 mmol) in toluene was added dropwise, and the resulting mixture was heated to 
95 °C and stirred at that temperature for 30 minutes. The mixture was stirred 
overnight at room temperature. Further 3-chloropropionylchloride (2.53 g, 19.9 
mmol) was added and the mixture was stirred at 95 °C for 1.5 h. After cooling, 
0.2 M sodium hydroxide (10 ml) was added, and the phases were separated. 

10 The organic phase was diluted with more toluene (50 ml), and washed with first 
0.2 M sodium hydroxide (6x10 ml) and then with more 0.2 M sodium hydrox- 
ide (3 x 20 ml) until the aqueous phase was alkaline. The organic phase was 
washed with water (3x15 ml), brine (25 ml), and dried (MgS0 4 ). Evaporation 
in vacuo afforded 5.23 g (98 %) of crude 3-chloro-1-(3-chloro-10,11-dihydro-5H- 

15 dibenz[b,f]azepin-5-yl)-1-propanone as an oil. This was further purified by 
addition of a mixture of heptane and ethyl acetate (1:1). This afforded 3.14 g 
(59 %) of the product as a solid. 

A 1.0 M solution of lithiumaluminium hydride in tetrahydrofuran (18.7 ml. 18.7 
20 mmol) was introduced into a 250 ml dry, three-necked, roundbottom flask under 
a nitrogen atmosphere. The solution was cooled on an icebath. Concentrated 
sulphuric acid (0.5 ml) was added dropwise, with caution, over 10 minutes. 
More dry tetrahydrofuran (20 ml) was added to compensate for evaporated 
solvent and the mixture was stirred for 15 minutes. Additional tetrahydrofuran 
25 was added (20 ml) and the icebath was removed. The mixture was stirred for 
75 minutes at room temperature. The above amide (3.0 g. 9.3 mmol) was 
dissolved in dry tetrahydrofuran (25 ml) and dropwise added over 20 minutes. 
The reaction mixture was stirred for 1 h. Water (0.7 ml) was added, followed 
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subsequently by 4 N sodium hydroxide (0.7 ml) and water (2.1 ml). Stirring was 
continued for 30 minutes. The mixture was filtered (hyflo) and evaporated in 
SiacUQ, affording 2.70 g (95 %) 3-chloro-5-(3-chloropropyl)-10,1 1-dihydro-5H- 
dibenz[b,f]azepine as an oil. 

5 

The above chloride (1.50 g, 4.91 mmol) was dissolved in acetonitrile (10 ml), 
and a solution of 4-piperidinecarboxylic acid ethyl ester (1.70 g, 10.8 mmol) in 
acetonitrile (4 ml) was added, followed by potassium iodide (0.76 g, 4.6 mmol). 
The resulting mixture was heated at reflux temperature for 24 h. Water (50 ml) 

10 was added followed by ethyl acetate (50 ml). The aqueous phase was 

extracted with ethyl acetate (3 x 30 ml), and the combined organic phases were 
washed with brine (2 x 25 ml) and dried (MgS0 4 ). After evaporation in vacuo , 
the residue was purified by column chromatography on silica gel (150 ml) using 
a mixture of heptane and ethyl acetate (1:1) as eluent. This afforded 1.78 g (85 

15 %) of 1-(3-(3-chloro-10,11-dihydro-5H-diben2[b,f]azepin-5-yl)-1-propyl)-4- 
piperidinecarboxylic acid ethyl ester as an oil. 

TLC: R ( = 0.21 (Si0 2 : ethyl acetate/heptane = 1:1) 

20 The abovtf.ester (1.70 g, 3.98 mmol) was dissolved in 99 % ethanol (20 ml). A 
solution of sodium hydroxide (0.92 g) in water (2.5 ml) was added, and the 
reaction mixture was stirred at room temperature for 1 h. 1 N Hydrochloric acid 
(23 ml) was added and the mixture was extracted with dichloromethane (3 x 25 
ml). The combined organic extracts were washed with brine (25 ml) and water 

25 (20 ml), dried (MgS0 4 ) and evaporated in vacuo . Dichloromethane was added 
and the solution was re-evaporated. Isopropyl acetate was added to the 
resulting foam, and the precipitated solid was filtered off and dried. This 
afforded 1.28 g (74 %) of the crude title compound . The product was 
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5 



10 



redissolved in isopropanol. the solution was decanted and evaporated injacilQ. 
Dichloromethane was added and the solution was evaporated injacm 
Isopropyl acetate was added to the resulting foam, and the precipitated solid 
was filtered off and dried. This procedure was repeated once more. 

MS(EI) 398 (MMHCI, 18 %). 

HPLC retention time = 24.14 minutes (5 urn C18 4 x 250 mm column, eluting 
with a 20-80 % gradient of 0.1 % trifluoroacetic acid/acetonitrile and 0.1 % 
trifluoroacetic acid/water over 30 minutes at 35 °C) 

FXAMPLE 18 

1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-3-piperidineaceticacid 
hydrochloride 



15 




A suspension of 3-piperidineacetic acid (4.5 g. 0.032 mol. described in LQ&> 
20 £bfim.. 2fi. 602, 1963) in a mixture of dry hydrogen chloride (excess) in ethanol 
was stirred at ambient temperature. When the solid was dissolved, the solution 
was stirred for 2 days. The solvent was evaporated iDJacuQ and the residue 
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was reevaporated with diethyl ether (25 ml) and then stirred with diethyl ether 
(35 ml) for 20 minutes. The solid was isolated by filtration and dried. This 
afforded 6.1 g of 3-piperidineacetic acid ethyl ester hydrochloride as a solid. 

5 M.p. 111-113 °C. 

A mixture of potassium iodide (19.2 g, 0.12 mol) and methyl ethyl ketone (180 
ml) was heated at reflux temperature for 1 h. A solution of 5- 
(3-chloropropyl)-10,11-dihydro-5H-dibenz[b,fJazepine (5.2 g, 0.019 mol, pre- 
pared similarly as described in example 1) in methyl ethyl ketone (25 ml) was 
added and heating at reflux temperature was continued for 3 h. Potassium 
carbonate (9.3 g, 0.067 mol) and 3-piperidineacetic acid ethyl ester 
hydrochloride (5.6 g, 0.027 mol) were added and the reaction mixture was 
heated at reflux temperature for 2 h. The temperature was lowered to just 
below reflux and the mixture was left with stirring overnight. After cooling, the 
reaction mixture was filtered (Hyflo) and the solvent was evaporated in vacuo . 
The residue was purified by flash chromatography on silica gel (225 g) using a 
mixture of heptane and ethyl acetate (1:1) as eluent. to give 5.0 g of 
1-(3-(10,11-dihydro-5H-dibenz[b,f]-azepin-5-yl)-1-propyl)-3-piperidine-acetic acid 
ethyl ester as an oil. 

TLC: R f = 0.19 (Si0 2 : ethyl acetate/heptane = 1:1). 

To a solution of the above ester (2.5 g, 0.0062 mol) in ethanol (10 ml), 4 N 
25 sodium hydroxide (2.3 ml) was added and the mixture was stirred at room 
temperature for 3 h. 4 N Hydrochloric acid (3.8 ml) and water (10 ml) were 
added. The mixture was extracted with dichloromethane (2 x 250 ml). The 
combined organic extracts were dried (MgS0 4 ) and the solvent was evaporated 
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ia^acuQ. The residue was reevaporated twice with acetone and stirred with 
acetone for a while. The solid was isolated by filtration and dried. This afforded 
2.4 g of fhft tit lp compound as a solid. 



5 M.p. 233-235 °C. 

Calculated, for C^H^NA, HCI: 

C, 69.47 %; H. 7.53 %; N, 6.75 %. Found: 

C, 69.59 %; H, 7.78 %; N, 6.50 %. 

10 

pXAMPLE 19 

1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-2-methyl- 
3-piperidinecarboxylic acid hydrochloride 

15 




,HCl 



2-Methylniootinic acid methyl ester (4.0 g. 0.026 mol) was dissolved m 1 N 
20 hydrochloric acid (30 ml) and 10 % palladium on carbon (0.8 g) was added. 
The resulting mixture was hydrogenated at 200 psi for 10 days. The reacton 
mixture was filtered and the solid was washed with dichloromethane (100 ml) 
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and water (50 ml). The combined filtrates were evaporated in vacuo to give a 
residue which was reevaporated with dichloromethane (2 x 30 ml). This 
afforded 5.1 g of crude 2-methyl-3-piperidinecarboxylic acid methyl ester 
hydrochloride which was used for further reaction without purification. 

5 

A mixture of potassium iodide (17.5 g, 0.11 mol) and methyl ethyl ketone (180 
ml) was heated at reflux temperature for 1 h. A solution of 5-(3-chloro- 
propyl)-10,11-dihydro-5H-dibenz[b,f]azepine (4.8 g, 0.019 mol, prepared 
similarly as described in example 1) in methyl ethyl ketone (25 ml) was added 

10 and heating at reflux temperature was continued for 2 h. Potassium carbonate 
(8.5 g, 0.061 mol) and 2-methyl-3-piperidinecarboxylic acid methyl ester 
hydrochloride (5.1 g, 0.026 mol) were added and the reaction mixture was 
heated just below reflux temperature for 64 h. After cooling, the reaction 
mixture was filtered (Hyflo) and the solvent was evaporated in vacuo. The 

15 residue was purified by flash chromatography on silica gel (275 g) using a 
mixture of heptane and ethyl acetate (1:1) as eluent, to give 3.4 g of 
1-(3-(10,11-dihydro-5H-dibenz[b,f]-a2epin-5-yl)-1-propyl)-2-methyl- 
3-piperidinecarboxylic acid methyl ester as an oil. 

20 To a solution of the above ester (3.4 g, 0.0087 mol) in 96 % ethanol (15 ml), 4 
N sodium hydroxide (4.4 ml) was added and the mixture was stirred at room 
temperature for 4 h and then left in a refrigerator overnight. Stirring was con- 
tinued at room temperature for 5 h and 4 N hydrochloric acid (6 ml) was added. 
The solvent was evaporated and the residue was triturated with acetone (30 

25 ml) for 10 minutes. The solid was isolated by filtration, washed with acetone 
and dried in vacuo. The solid was suspended in a mixture of water (35 ml) and 
dichloromethane (800 ml). A saturated sodium bicarbonate solution was added 
until pH 8 - 9 and when the solid had dissolved. The phases were separated 
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and the aqueous phase was extracted with dichloromethane (250 ml). The 
organic extracts were combined and the volume was reduced by evaporation. 
Excess concentrated hydrochloric acid was added and the mixture was evapor- 
ated to dryness. The residue was reevaporated twice with dichloromethane and 
5 then triturated with acetone. The solid was isolated by filtration and dried in 
y^CUQ. This afforded 2.4 g of the title compound as a solid. 

M.p. 169-170 °C. 

Calculated, for C 24 H 30 N 2 O 2 . HCI, H 2 0: 
10 C, 66.59 %; H, 7.63 %; N, 6.47 %. Found: 
C, 66.64 %; H, 7.94 %; N, 6.23 %. 



1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-3-quinuclidinium- 
carboxylate 



FXAMPLE 20 



15 




20 
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5-(3-Chloropropyl)-10,1 1-dihydro-5H-dibenzo[b,f]azepine (1 .70 g, 6.25 mmol, pre- 
pared as described in example 1), and quinuclidine-3-carboxylic acid methyl ester 
(0.85 g, 5.0 mmol) were dissolved in 2-butanone (25 ml). Dry potassium carbonate 
(4.15 g, 30 mmol) and sodium iodide (0.75 g, 5 mmol) were added and the stirred 
5 mixture was heated at reflux temperature for 5 h. After cooling to room tempera- 
ture, toluene (25 ml) and water (25 ml) were added. An oily precipitate was 
formed, which was separated from the solvents by decanting and dissolved in 
dichloromethane (30 ml). The solution was washed with water (2 x 30 ml), 1 N 
hydrochloric acid (2 x 30 ml), saturated sodium hydrogencarbonate solution (30 
10 ml) and water (30 ml). The organic layer was dried over MgS0 4 . Evaporation in 
yacjjfl afforded 1.15 g 1-(3-(10,11-dihydro-5H-diben2[b,f]azepin-5-yl)-1-propyl)-3- 
methoxycarbonyl-quinuclidinium hydroxide. The crude product was directly used 
in the next step without further purification. 

15 The above ester (i.05 g, 2.50 mmol) was dissolved in ethanol (12.5 ml). A 2 N 
solution of sodium hydroxide (4.1 ml, 8.25 mmol) was added and the resulting 
mixture was stirred at room temperature for 10 minutes. Water (10 ml) was added 
and ethanol was evaporated in vacuo . The remaining aqueous solution was 
washed with diethyl ether (2 x 30 ml) and extracted with 1-butanol (3 x 20 ml). The 

20 butanol phases were washed with water (10 ml) and evaporated in vacuo . 
Stripping of the remainder with n-heptane (3 x 20 ml) afforded the title compound 
(0.71 g) as a foam. 

25 Calculated for C 25 H 30 N 2 O 2 , 3.5 H 2 0: 

C, 66.20 %; H, 8.22 %; N, 6.18 %; Found: 
C, 66.52 %; H, 8.03 %; N, 5.79 %. 
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F^AMPLg 21 



1-(3-(2 ( 8-Dibromo-10.11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4-pipe. 
5 ridinecarboxylic acid hydrochloride 




10 

2,8-Dibromo-10,11-dihydro-5H-dibenz[b,f]azepine (1.41 g, 4.0 mmol, prepared 
according to K. Smith et al., Tetrahedron, 48, 7479 (1992)), was dissolved in 
toluene (25 ml). Triethylamine (0.60 ml, 4.4 mmol) and 3-chloropropionyl 
chloride (0.50 ml, 5.2 mmol) were added to the stirred solution at room tem- 
15 perature. Stirring was continued at room temperature for 1 h and at reflux 
temperature for 2.5 h. The reaction mixture was cooled, filtered and evaporated 
in vacuo . The crude 3-chloro-1-(2,8-dibromo.10,11-dihydro-5H-dibenz[b,fl- 
azepine.5-yl)propan-1-one was used in the next step without further purification. 
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A solution of lithium aluminium hydride (0.326 g, 8.56 mmol) in dry 
tetrahydrofuran (30 ml) was cooled in an ice bath and concentrated sulphuric 
acid (0.428 g, 4.28 mmol) was added dropwise. The solution was stirred at 
room temperature for 0.5 h. A solution of the above product (1.90 g, 4.28 
5 mmol) was added dropwise and stirring was continued for 0.5 h. The reaction 
was then quenched by careful addition of ethyl acetate (5 ml) followed by water 
(0.8 ml). Filtration of the mixture and evaporation of the filtrate in vacuo 
afforded 1.51 g (82 %) 2,8-dibromo-5-(3-chloropropyl)-10,11-dihydro-5H- 
dibenz[b,f]azepine as a foam, which was used in the next step without further 
10 purification. 

The above chloride (1.5 g, 3.5 mmol) and ethyl isonipecotate (0.79 g, 5.0 
mmol) was dissolved in 2-butanone (40 ml). Potassium carbonate (1.4 g, 10 
mmol) and potassium iodide (0.43 g, 2.6 mmol) were added and the stirred 
mixture was heated at reflux temperature for 60 h. The reaction mixture was 
filtered, the filtrate concentrated jo vacuo and the remainder was redissolved in 
diethyl ether (50 ml). The product was precipitated as the hydrochloride salt by 
dropwise addition of a 2.6 M solution of hydrogen chloride in diethyl ether (2.0 
ml, 5.2 mmol). The precipitate was collected by filtration and dried in vacuo , 
affording 1.3 g (63 %) of the 1-(3-(2,8-dibromo-10,11-dihydro-dibenz[b,f]- 
azepin-5-yl)-propyl)-4-piperidine-carboxylic acid ethyl ester hydrochloride as a 
powder, which was used in the next step without further purification. 

The above ester hydrochloride (1.30 g, 2.2 mmol) was dissolved in ethanol (15 
25 ml) and 2N sodium hydroxide (4.0 ml) was added. The solution was stirred for 
1.5 h at room temperature, acidified by addition of 1 N hydrochloric acid to pH 
1 and ethanol was evaporated in vacuo . The aqueous suspension was washed 
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with diethyl ether and filtered. Recrystalllsation of the collected solid 
ethanol afforded 0.25 g, (19 %) of the titlft compound - 

M.p. 165 - 166 °C. 
5 Calculated for C 23 H 26 N 2 Br 2 0 2 , HCI. 0.5 H 2 0, 0.5 C 2 H 6 0: 
C, 48.79 %; H, 5.29 %; N, 4.74 %; Found: 
C, 48.64 %; H, 5.39 %; N, 4.58 %. 



10 



FXAMPLE 22 



1-(3-(3,7-Dichloro-10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4- 
piperidinecarboxylic acid hydrochloride. 



15 




3,7-Dichloro-10,11-dihydro-5H-diben 2 [b,f]a2epine (4.6 g, 17 mmol) was dis- 
solved in toluene (30 ml) and 3-chloropropionyl chloride (2.3 ml, 24 mmol) was 
20 added. The resulting mixture was heated at 90 °C for 3 h, stirred at room 



WO 96/31498 



PCT/DK96/00139 



57 

temperature for 3 days and heated at 90 °C for 3 h. After cooling, ethyl acetate 
(150 ml) was added and the mixture was washed with water (2 x 100 ml). The 
organic phase was dried (MgSOJ and evaporated in vacuo . The residue was 
purified by column chromatography on silica gel (600 ml), using a mixture of 
5 ethyl acetate and heptane (1:4) as eluent. This afforded 4.7 g (76 %) 3-chloro- 
1-(3,7-dichloro-10,11-dihydro-5H-diben2[b,fJazepin-5-yl)-1-propanone as an oil. 

TLC: R, = 0.14 (Si0 2 : ethyl acetate/heptane = 1:4) 

10 Lithium aluminum hydride (0.44 g, 11.6 mmol) was dissolved in dry 

tetrahydrofuran (15 ml) and the solution was cooled to 0 °C. Concentrated 
sulphuric acid (0.31 ml, 5.8 mmol) was slowly and cautiously added using a 
syringe. The suspension was stirred at room temperature for 0.5 h. A solution 
of the above amide (2.0 g, 5.8 mmol) in dry tetrahydrofuran (15 ml) was added 

15 dropwise to the suspension. The resulting mixture was stirred at room tempera- 
ture for 1 h. The reaction was quenched by addition of water (1.4 ml), 2 N 
sodium hydroxide (0.5 ml), water (4 ml), and potassium carbonate (5.0 g). The 
mixture was filtered, and the filter cake was washed with dry tetrahydrofuran. 
The combined filtrates were evaporated in vacuo to give 1.4 g (69 %) 5-(3- 

20 chloropropyl)-3,7-dichloro-10,11-dihydro-5H-dibenz[b,f]azepine as an oil. 

TLC: R, = 0.66 (Si0 2 : ethyl acetate/heptane = 1:2) 

The above chloride (1.3 g, 3.8 mmol) was dissolved in methyl ethyl ketone (20 
25 ml). Potassium iodide (0.63 g, 3.8 mmol), potassium carbonate (3.2 g, 23 
mmol), and 4-piperidinecarboxylic acid ethyl ester (1 .2 ml, 7.6 mmol) were 
added, and the resulting mixture was heated at reflux temperature for 24 h. 
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After cooling, ethyl acetate (100 ml) was added and the mixture was washed 
with water (2 x 100 ml). The organic phase was dried (MgS0 4 ) and evaporated 
in vacuo . The residue was purified by column chromatography on silica gel 
(600 ml), using a mixture of ethyl acetate and heptane (1:2) as eluent. This 
5 afforded 0.84 g (48 %) l-(3-(3,7-dichloro-10,11-dihydro-5H-dibenz[b,f]azepin-5- 
yl)-1-propyl)-4-piperidinecarboxylic acid ethyl ester as an oil. 

TLC: = 0.22 (Si0 2 : ethyl acetate/heptane = 1:2) 

10 The above ethyl ester (0.8 g, 1.7 mmol) was dissolved in ethanol (20 ml), and 
water (10 ml) and 1 N sodium hydroxide (1.7 ml) were added. The resulting 
mixture was stirred at room temperature for 24 h. Water (100 ml) was added 
and the mixture was washed with diethyl ether (2 x 60 ml). The pH of the 
aqueous phase was adjusted to 1 with 5 N hydrochloric acid, and the aqueous 

15 phase was extracted with dichloromethane (2 x 100 ml). The combined organic 
extracts were dried (MgS0 4 ) and evaporated iiuacus to give an oil. 2-Propanol 
(15 ml) was added, and the resulting precipitate was filtered off and washed 
with 2-propanol. Drying in vacuo at 50 °C for 24 h afforded 0.33 g (41 %) of the 
title compound- 

20 

M.p. 237 - 239 °C 

MS(EI) (m/z): 432 (M*. 14 %), 303 (43 %), 142 (100 %). 
'H NMR (400 MHz, CDCI 3 ): 8 H 1.72 - 2.02 (m, 5H), 2.48 (m, 1H), 2.85 (m. 2H), 
3.05 (m, 2H). 3.08 (s. 4H), 3.39 (m. 2H), 3.80 (t, 2H), 7.03 (dd, 2H), 7.17 (d, 
25 2H), 7.22 (d, 2H). 
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EXAMPLE 23 

1-(3-(3-Methyl-1 0,1 1-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1 -propyl)-4- 
piperidinecarboxylic acid hydrochloride 

5 




1 0 5-(3-Bromo-1-propylidene)-3-methyl-10,1 1-dihydro-5H-dibenzo[a,d]cycloheptene 
(1.05 g, 3.3 mmol, prepared as described in WO 9518793) was dissolved in 
methyl ethyl ketone (20 ml). Potassium iodide (0.44 g, 6.7 mmol), potassium 
carbonate (2.76 g. 20 mmol), and 4-piperidinecarboxylic acid ethyl ester (0.77 
ml, 5.0 mmol) were added and the resulting mixture was heated at reflux 

15 temperature for 1 h. After cooling, ethyl acetate (60 ml) was added and the 
mixture was washed with water (2 x 60 ml). The organic phase was dried 
(MgSOJ and evaporated in vacuo . The residue (1.7 g) was purified by column 
chromatography on silica gel (600 ml), using a mixture of ethyl acetate and 
heptane (1:2) as eluent. This afforded 0.97 g (73 %) 1-(3-(3-methyl-10,11- 

20 dihydro-5H-diben2o[a,d]cyclohepten-5-ylidene)-1-propyl)-4-piperidinecarboxylic 

acid ethyl ester as an oil. 
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TLC: R f = 0.20 (Si0 2 : ethyl acetate/heptane = 1:2) 

The above ethyl ester (0.91 g, 1.7 mmol) was dissolved in ethanol (15 ml), and 
water (5 ml) and 1 N sodium hydroxide (2.7 ml) were added. The resulting 

5 mixture was stirred at room temperature for 24 h. The reaction mixture was 
evaporated in_yjacm Water (100 ml) and diethyl ether (70 ml) were added, and 
the phases were separated. The pH of the aqueous phase was adjusted to 2 
with 1 N hydrochloric acid, and the aqueous phase was extracted with 
dichloromethane (3 x 200 ml). The combined organic extracts were dried 

10 (MgS0 4 ) and evaporated in V9CU0 to give 0.12 g (13 %) of the tills compound . 
More material separated from the acidic aqueous phase on standing. The 
precipitate was filtered off, washed with water, and dried to give 0.34 g (36 %) 
nf fhP titlft compound. 

15 M.p. >250°C 

Calculated for C^H^NO,, HCI: 

C, 72.89 %; H, 7.34 %; N, 3.40 %. Found: 

C, 72.65 %; H, 7.43 %; N, 3.26%. 



20 

pVAMPLE 24 



1-(3.(3,7-DimethyM0,11-dihydro-5H^ibenz[b,f]azepin-5-yl)-1-propylH 
25 piperidinecarboxylic acid 
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CH 3 



To a solution of 3,7-dimethyl-10,1 1-dihydro-5H-dibenz[b,f]azepine {6.45 g, 
5 0.029 moi; prepared similarly as described in Brit. Pat. 792615, 1958) and 
3-bromo-1 -propyl tetrahydro-2-pyranyl ether (8.3 g, 0.037 mol) in dry 
benzene (80 ml) a suspension of sodium amide (3.2 g, 0.041 mol, 50%wt 
suspension in toluene) was added. The reaction mixture was heated at 
reflux temperature for 20 h, allowed to cool, and water (20 ml) was added. 

10 The phases were separated, the solvent was evaporated from the organic 
phase and the residue was dissolved in a mixture of methanol (100 ml) and 
5 N HCI (30 ml). The mixture was then heated at reflux temperature for 15 
minutes, methanol was evaporated and the mixture was extracted with 
benzene (2 x 150 ml). The combined organic extracts were dried (K 2 C0 3 ), 

15 filtered and the solvent was evaporated under vacuum. The residue was 
purified by chromatography on silica gel (50 g) using first benzene as eluent 
to separate the starting material. Then, using chloroform as eluent, 2.4 g of 
3-(3, 7-dimethyl-1 0, 1 1 -dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propanol as an 
oil was separated. 
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The above alcohol (2.4 g, 0.0087 mol) was dissolved in benzene (80 ml) 
and then triethyl amine (3.0 ml) was added. After addition of methane 
sulfonylchloride (1.3 g, 0.0114 mol) the reaction mixture was stirred for 2 
h. Water was added and the phases were separated. The organic phase was 
5 dried (MgS0 4 ) and the solvent was evaporated under vacuum. The residue 
was dissolved in acetone (50 ml). To this solution 4-piperidinecarboxylic 
acid ethyl ester (2.0 g, 0.0127 mol) and potassium carbonate (3.0 g, 
0.0217 mol) were added, and the mixture was heated at reflux temperature 
for 24 h. The mixture was allowed to cool, then filtered and the solvent was 
10 evaporated under vacuum to give a residue, which was further purified by 
chromatography on silica gel (40 g) using chloroform as eluent. This 
afforded 2.6 g of i-(3-(3,7-dimethyl-10,11-dihydro-5H-diben2lb,f]-a2epin-5- 
yl)-1-propyl)-4-piperidinecarboxylicacid ethyl ester as an oil. 

15 The above ester (2.4 g, 0.057 mol) was dissolved in ethanol (50 ml) and 5 
N NaOH (3 ml) was added. The mixture was stirred at 40 °C for 16 h, and 
ethanol was evaporated under vacuum to give a residue, which was dis- 
solved in water (20 ml). Acetic acid (3 ml) was added to the resulting 
solution, and the mixture was extracted with dichloromethane (50 ml). The 

20 organic extract was dried (MgS0 4 ), and the solvent was evaporated under 
vacuum. Diethyl ether (50 ml) was added to the residue, affording after 
filtration and drying 1.85 g (82%) of the Title compound as a solid. 



M.p. 207 - 209 °C. 
25 Calculated for C 25 H 32 N 2 0 2 , 0.25 H 2 0: 

C, 75.63 %; H, 8.25 %; N, 7.06 %; Found: 
C, 75.58 %; H, 8.30 %. N, 6.89%. 



WO 96/31498 



PCT/DK96/00139 



63 



EXAMPLE 25 



1-(3-(3-Dimethylamino-10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4- 
5 piperidinecarboxylic acid 




10 A suspension of sodium amide (2.6 g, 0.033 mol, 50%wt suspension in 
toluene) was added to a solution of 3-dimethylamino-10,1 1-dihydro-5H- 
dibenz[b,f]azepine (6.1 g, 0,0256 mol, prepared similarly as described in 
Brit. Pat. . 1040739,1966) in dry benzene (60 ml). The reaction mixture was 
heated to 70 °C for 1 h. 3-Bromo-1-propyl-tetrahydro-2-pyranyl ether (7.35 

15 g, 0.033 mol) was added and the mixture was heated at reflux temperature 
for 20 h. To the cooled reaction mixture, water (20 ml) was added, and the 
phases were separated. The solvent was evaporated from the organic phase 
and the residue was dissolved in a mixture of methanol (100 ml) and 5 N 
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HCI {30 ml). The mixture was heated at reflux temperature for 15 minutes, 
and methanol was evaporated. Water (50 ml) was added, pH was adjusted 
to 8-9 with aqueous ammonia and the mixture was extracted with benzene 
(2 x 150 ml). The combined organic extracts were dried (K 2 C0 3 ), filtered 
5 and the solvent was evaporated under vacuum. The residue, was purified by 
chromatography on silica gel {50 g) using first benzene as eluent to isolate 
the starting material. Then, using chloroform as eluent, 3.5 g of 3-(3-di- 
methylamino-10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propanolas an oil 

was isolated. 

10 

The above alcohol (3.5 g. 0.0118 mol) was dissolved in benzene (100 ml) 
and triethylamine {4.0 ml) and methane sulfonylchloride (1.7 9, 0.0148 mol) 
were added. The reaction mixture was stirred for 2 h. After addition of 
water, the phases were separated. The organic phase was dried (MgS0 4 ) 

1 5 and the solvent was evaporated under vacuum to give a residue, which was 
dissolved in acetone (50 ml). To this solution 4-piperidinecarboxylic acid 
ethyl ester (2.8 g, 0.0178 mol) and potassium carbonate (4.13, 0.03 mol) 
were added and the mixture was heated at reflux temperature for 24 h. The 
mixture was allowed to cool, filtered and the solvent was evaporated under 

20 vacuum to give a residue, which was further purified by chromatography on 
silica gel (50 9) using ethyl acetate as eluent. This afforded 3.1 g of 1-(3(3-- 
dimethylamino10,11-dihydro-5H.dibenz[b,flazepin-5-yl)-1propyl)-4-piperi- 

dinecarboxylic acid ethyl ester as an oil. 

25 The above ester (1 .95 g, 0.0045 mmol) was dissolved in ethanol (40 ml) 
and 5 N NaOH (3 ml) was added. The mixture was stirred at 40 -C for 8 h, 
and ethanol was evaporated under vacuum. The residue was dissolved in 
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water (20 ml). Acetic acid (3 ml) was added to the resulting solution and 
the mixture was extracted with dichlorornethane (50 ml). The organic 
extract was dried (MgSOJ, and the solvent was evaporated under vacuum. 
Diethyl ether (50 ml) was added to the residue, affording 1.67 g (91 %) of 
5 the title c ompound as a solid after filtration and drying. 

M.p. 198-202°C. 

Calculated for C 2S H 3 3N 3 0 2 , 0.25 H 2 0: 
C, 72.87 %; H, 8.19 %; N, 10.20 %, Found: 
10 C, 72.73 %; H, 8.32 %; N, 10.00 %. 



(R)-1 -<3-( 1 0, 1 1 -Dihydro-5H-dlbenzola,d]cyclohepten-5-ylidene)-1 -propyl)-2- 
15 piperidinecarboxylic acid hydrochloride. 



EXAMPLE 26 




.HCI 



(R) 
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2-Piperidinecarboxylic acid (26 g. 0.201 mol) and ( + }-tartaric acid (31.2 g, 
0.208 mol) were suspended in a mixture of ethanol (400 ml) and water (25 
5 ml). The mixture was heated to 80 »C. and the solution was allowed to cool 
to room temperature. The precipitated solid was filtered off, washed with 
ethanol and dried to give 25.4 g (45 %) (R)-( -H-2-piperidinecarboxylic acid 
( + J-tartrate. The mother liquor was evaporated iavaCilfi, and the residue 
was dissolved in water (120 ml). A solution of potassium hydroxide (6.5 g, 
10 116 mmol) in water (13 ml) was added, and the precipitated mono potas- 
sium tartrate was removed by filtration. Evaporation of the filtrate invasue 
afforded 19.5 g crude (S)-(-)-2-piperidinecarboxylic acid. 

The above ( + )-tartrate (20 g, 72 mmol) was dissolved in water (60 ml) and 
15 a solution of potassium hydroxide (4.0 g, 72 mmol) in water (8 ml) was 
added. The precipitated mono potassium tartrate was removed by filtration 
and washed with water. The mother liquor was evaporated in vacuo , and 
the residue was suspended in ethanol (100 ml) and evaporated inyjicjjfl. 
Suspension in ethanol and evaporation was repeated twice. The 

20 residue was suspended in ethanol (200 ml), and thionyl chloride (24 ml, 
0.28 mol) was added dropwise. The resulting mixture was heated at 70 "C 
for 2 h, cooled to room temperature and evaporated jQjosufl. Diethyl ether 
(40 ml) and ethanol (1 ml) were added and the suspension was stirred for 
30 minutes. The solid was filtered off, washed with diethyl ether and dried 
25 to give 11.4 g (82 %) of (R)-{ + )-2-piperidinecarboxylicacid ethyl ester 
hydrochloride. 



WO 96/31498 



PCT/DK96/00139 



67 

[aJ 25 D = +10.5° (c = 4.5 % in water) 

Gas Chromatography of N-acetyl derivative: R, = 46.4 minutes. Enantio- 
meric excess = 97.9 % 

5 (GC was run on a Chrompac CP 9000 Gas Chromatograph with F.I.D. 
detection using a Chrompac CP-Cyclodextrin capillary column, 25 m long, 
0.25 mm internal diameter, using a split flow of 40 ml/min, 180 kPa, a 
linear gas velocity of 27.6 cm/s, inlet and detector temperatures of 200 °C 
and a column temperature of 120 °C). 

10 

5-(3-Bromo-1 -propylideneM 0, 1 1 -dihydro-5H-dibenzo[a,d]cycloheptene {2.7 
g, 8.6 mmol, prepared as described in WO 9518793), potassium carbonate 
(7.14 g, 52 mmol), potassium iodide (1.4 g 8.6 mmol), and (RM + J- 2- 
piperidine-carboxylic acid ethyl ester hydrochloride (3.3 g, 17 mmol) were 

1 5 mixed in methyl ethyl ketone {50 ml) and heated at reflux temperature for 3 
days. After cooling to room temperature, ethyl acetate (100 ml) was added 
and the mixture was washed with water (2 x 100 ml). The organic phase 
was dried (MgS0 4 ) and evaporated in vacuo . The residue was purified by 
column chromatography on silica gel (600 ml), using a mixture of ethyl 

20 acetate and heptane (1:4) as eluent. This afforded 2.62 g (78 %) of (R)-1- 
(3-(1 0, 1 1 -dihydro-5H-dibenzola,dlcyclo-hepten-5-ylidene)-1 -propyl)-2- 
piperidinecarboxyiic acid ethyl ester as an oil. 

TLC: R, = 0.28 (Si0 2 : ethyl acetate/heptane = 1 :4) 

25 

The above ester (2.6 g, 6.7 mmol) was dissolved in a mixture of ethanol (25 
ml) and 1,4-dioxane (2 ml). 1 N Sodium hydroxide (6.7 ml) was added and 
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the mixture was stirred at room temperature for 16 h. 1 N Sodium hydrox- 
ide (1 .3 ml) was added and the mixture was stirred at room temperature for 
4 h. 1 N Sodium hydroxide (6.9 ml) and ethanol (10 ml) were added and 
the mixture was stirred at room temperature for 16 h. 1 N Sodium hydrox- 
5 ide (6.9 ml) was added and the mixture was stirred at room temperature for 
16 h. 1 N Sodium hydroxide (6.7 ml) was added and the mixture was 
stirred at room temperature for 3 days. Water (100 ml) was added and the 
mixture was washed with diethyl ether (3 x 100 ml). The pH of the aqueous 
phase was adjusted to 1 with 5 N hydrochloric acid, and the aqueous phase 

10 was extracted with dichloromethane (150 ml). The organic extract was 
dried (MgSOJ and evaporated in vacuo to give an oil. Acetone (50 ml) was 
added and the solution was evaporated in vgctiP- The acetone treatment 
was repeated. The solid was suspended in acetone and filtered off. Drying 
in vacuo at 50 °C for 24 h afforded 1 .2 g (51 %) of the Title compound as 

15 an amorphous powder. 

MS(EI) (m/z): 316 (M + , 1 %), 142 (100 %). 

'H NMR (400 MHz, CDCI 3 ): S H 1.45 - 1.75 (m, 5H), 2.1 (m, 1H), 2.4-2.55 
<m, 2H), 2.75-3.4 (m, 8H), 3.90 (bs, 1H), 5.80 (t, 1H), 7.05-7.23 (m, 8H). 

20 



pXAMPLE 27 



25 (S)-1-(3-(10,11-Dihydro-5H-dibenzo[a,d)cyclohepten-5-ylidene)-1-propyl)-2- 
piperidinecarboxylic acid hydrochloride. 
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,HCI 



Crude (S)-(-)-2-piperidinecarboxylicacid (19.5 g, prepared as described in 
5 example 26) was suspended in ethanol {250 ml), and thionyl chloride (40 
ml, 0.46 mol) was added dropwise. After addition was complete, the 
suspension was heated at reflux temperature for 2 h. The mixture was 
filtered hot, and the filtrate was cooled to room temperature. Filtration and 
evaporation in vacuo afforded an oil, which was crystallised by rubbing. 
10 Ethanol (10 ml) was added, followed by slow addition of diethyl ether (150 
ml). The precipitated solid was filtered off, washed with diethyl ether and 
dried by suction to give 13.8 g (35 % calculated from 2-piperidinecarboxylic 
acid) (S)-(-)-2-piperidinecarboxylic acid ethyl ester hydrochloride. 

15 [or] 25 D = -10.7° (c = 4.5 % in water) 

Gas Chromatography (run as described in example 26) of N-acetyl deriva- 
tive: R, - 47.2 minutes. Enantiomeric excess = 96 %. 

5-(3-Bromo-1-propylidene)-10,1 1-dihydro-5H-dibenzo[a,d]cycloheptene (2.7 
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g, 8.6 mmol, prepared as described in WO 9518793), potassium carbonate 
(7.14 g, 52 mmol). potassium iodide (1.4 g,8.6 mmol), and (S)-(-)-2-piperi- 
dinecarboxylic acid ethyl ester hydrochloride (3.3 g, 17 mmol) were mixed 
in methyl ethyl ketone (50 ml) and heated at reflux temperature for 3 days. 
5 After cooling to room temperature, ethyl acetate (100 ml) was added and 
the mixture was washed with water (2 x 100 ml), dried (MgSOJ and 
evaporated in vacuo . The residue was purified by column chromatography 
on silica gel (600 ml), using a mixture of ethyl acetate and heptane (1 :4) as 
eluent. This afforded 2.3 g (69 %) of (S)-1-(3-(10,1 1-dihydro-5H-dibenzo- 
10 [a,d]cyclohepten-5-ylidene)-1-propyl)-2-piperidinecarboxylicacid ethyl ester 

as an oil. 

TLC: R, = 0.22 (Si0 2 : ethyl acetate/heptane = 1:4) 

1 5 The above ester (2.3 g, 5.9 mmol) was dissolved in a mixture of ethanol (25 
ml) and 1,4-dioxane (2 ml). 1 N Sodium hydroxide (5.9 ml) was added and 
the mixture was stirred at room temperature for 16 h. 1 N Sodium hydrox- 
ide (1.18 ml) was added and the mixture was stirred at room temperature 
for 4 h. 1 N Sodium hydroxide (5.9 ml) was added and the mixture was 

20 stirred at room temperature for 16 h. 1 N Sodium hydroxide (5.9 ml) was 
added and the mixture was stirred at room temperature for 16 h. 1 N 
Sodium hydroxide (5.9 ml) was added and the mixture was stirred at room 
temperature for 3 days. Water (100 ml) was added and the mixture was 
washed with diethyl ether (3 x 100 ml). The pH of the aqueous phase was 

25 adjusted to 1 with 5 N hydrochloric acid, and the aqueous phase was 
extracted with dichloromethane (150 ml). The organic extract was dried 
(MgSOJ and evaporated in vacuo to give an oil. Acetone (50 ml) was added 
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and the solution was evaporated in vacuo . The acetone treatment was 
repeated again. The solid was suspended in acetone, filtered off and dried in 
vacuo at 50 °C for 24 h to give 0.79 g (37 %) of the title compound as an 
amorphus powder. 

MS(EI) (m/2): 362 (M + , 1 %), 142 (100 %). 

1 H NMR (400 MHz, CDCI 3 ): S H 1.45 - 1.75 (m, 5H), 2.1 (m, 1H), 2.4-2.55 
(m, 2H), 2.75-3.4 (m, 8H), 3.80 lbs, 1H), 5.80 (t, 1H), 7.05-7.23 (m, 8H). 
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CLAIMS 

li A compound of formula I 




(I) 



(CH 2 ) r 



wherein R 1 and R 2 independently are hydrogen, halogen, trifluoromethyl, 
NR 6 R 7 , hydroxy, C^e-alkyl or C^-alkoxy; and 

Y is >M-CH 2 -, >£H-CH 2 - or >£=CH- wherein only the underscored 
atom participates in the ring system; and 

X is -0-, -S-, -C(R 9 R 7 K -CH 2 CH 2 -, -CH=CH-CH 2 -, -CH 2 -CH = CH-, -CH 2 - 
(OOK -(C = 0)-CH 2 -, -CH 2 CH 2 CH 2 -, -CH-CH-. -N(R 9 )-(C = Ok -(C-O)- 
N(R 8 )-, -0-CH 2 -, -CH 2 -0-, -S-CH 2 -, -CH 2 -S-, -(C-OK -N(R 9 )- or -(S = 0- 
wherein R a , R 7 , R B and R 9 independently are hydrogen or C,. 6 -alkyl; and 



r is 1 , 2 or 3; and 
Z is selected from 

R 3 
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wherein n is 1 or 2; and 

R 3 is -(CH 2 ) m OH or -(CH 2 ) p COR 4 wherein m is 0, 1 , 2, 3, 4, 5 or 6 and p 
is 0 or 1 and wherein R 4 is -OH, -NH 2 , -NH0H or C^e-alkoxy; and 
R 6 is hydrogen, halogen, trifluoromethyl, hydroxy, C^e-alky! or C,. e - 
alkoxy; and 

R 10 is hydrogen, C,. a -alkyl, C,. e -alkoxy or phenyl optionally substituted 

with halogen, trifluoromethyl, hydroxy, C,. 6 -alkyl or C,. 6 -alkoxy; and 

R 11 is hydrogen or C^-alkyl; and 

^ is optionally a single bond or a double bond; 

or a pharmaceutically acceptable salt thereof. 

2i A compound according to claim 1 wherein R 1 and R 2 independently 
are hydrogen, halogen, N(CH 3 ) 2 or methyl. 

i A compound according to any one of the preceding claims wherein Y 
is >N-CH 2 - or >C = CH-. 

4. A compound according to any one of the preceding claims wherein X 
represents -0-, -S-, -CH 2 CH 2 -, -CH 2 CH 2 CH 2 -, -CH = CH-, -0-CH 2 -, 
-CH 2 -0-, -S-CH 2 -, -CH 2 -S-, -(C = 0)- or -{S=0)-. 

Si A compound according to the previous claim wherein X is -0- or 
-CH 2 CH 2 -. 

iL. A compound according to any one of the preceding claims wherein r 
is 2. 



Zi A compound according to any one of the preceding claims wherein 2 
represents 
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R3 




wherein n is 1 

IL A compound according to the previous claim wherein R 3 is -(CH 2 )OH, 
-CH 2 CH 2 OH, -COR 4 or -CH 2 COR 4 wherein R* is OH or NH 2 . 

<L A compound according to claim 7 wherein R s is hydrogen or C V6 - 
alkyl. 

10. a compound according to claim 7 wherein R 10 is hydrogen or methyl, 
or phenyl substituted with halogen. 

1j. a compound according to claim 7 wherein R 11 is hydrogen or methyl. 

12. A compound according to claim 7 wherein ^ is a single bond. 

13^ A compound according to any of the claims 1 through 12 selected 
from the following: 

1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-3-piperidine- 
carboxamide; 
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1 -(3-{ 1 0, 1 1 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-4-piperidinecar- 
boxylic acid; 

1 -(3-( 1 0, 1 1 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-2-piperidinecar- 
boxylic acid; 

(1 -(3-( 1 0, 1 1 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-3-piperidinyl)- 
methanol; 

4-(4-Chlorophenyl)-1 -(3-( 1 0, 1 1 -dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -pro- 
pyl)-4-piperidinol; 

4-(3-{ 10,11 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-2-piperazinecar- 
boxylic acid; 

(2S,4R)-1-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4- 
hydroxy-2-pyrrolidinecarboxylic acid; 

4-(3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-2-morpholine- 
carboxylic acid; 

1- (3-(10,1 l-Dihydro-BH-dibenzIb^Jazepin-B-yD-l-propyD^-aziridinecar- 
boxylic acid; 

2- (3-(10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-1,2,3,4-tetra- 
hydro-4-isoquinolinecarboxylic acid; 

1 -(3-( 1 0, 1 1 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-4-methyl-[1 ,4J- 
diazepane-6-carboxylic acid; 

2-(3-(10,11-Dihydro-5H-dibenz(b,f]azepin-5-yl)-1-propyl)-1,2,3,4-tetra- 
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hydro-3-isoquinolinecarboxylic acid; 

1 -(3-(1 0, 1 1 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyD-3-piperidinecar- 
boxylic acid hydroxamide; 

5 

(4-{3-( 1 0, 1 1 -Dihydro-5H-dibenz[b,f]a2epin-5-yl)-1 -propyl)pipera2in-1 - 
yDacetic acid; 

1 -{3-( 1 0, 1 1 -Dihydro-5H-dibenzlb,f]azepin-5-yl)-1 -propyl)-4-piperidinecar- 
10 boxylic acid; 

4-(3-{1 0, 1 1 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-2-piperazinecar- 
boxyiic acid; 

15 1 -(3-{ 1 0, 1 1 -Dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-4-piperidine- 
acetic acid; 

1-{3-{10,11-Dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4-piperidine- 
acetic acid; 

20 

1- (3-{10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-4- 
piperidinecarboxyiic acid; 

(R).1-(3-(10,11-Dihydro-5H-dibenzo[a f d]cyclohepten-5-ylidene)-1-propyl)- 
25 3- piperidinecarboxamide; 

(R)-1-(3-(10,11-Dihydro-5H-dibenzola,d]cyclohepten-5-ylidene)-1-propyD- 

2- pyrrolidinecarboxylic acid; 



{S)-1-(3-(10 f 11-Dihydro-5H-dibenzola,d]cyclohepten-5-ylidene)-1-propyD 
2-pyrrolidinecarboxylic acid; 
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1-(3-(10,1 1-Dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-propyl)-2- 
piperidinecarboxylic acid; 

1-(3-(10H-Phenoxa2in-10-yl)-1-propyl)-4-piperidinecarboxylicacid; 

5 

1 -(3-(3-Chloro-1 0, 1 1 -dihydro-5H-dibenz[b,f]azepin-5-yl)-1 -propyl)-4- 
piperidinecarboxylic acid; 

1 -(3-( 1 0, 1 1 -Dihydro-5H-dibenz[b,f]azepin-5-yD- 1 -propyl)-3-piperidine- 
10 acetic acid; 

1 -(3-( 1 0, 1 1 -Dihydro-5H-dibenz[b,flazepin-5-yl)-1 -propyl)-2-methyl-3-pipe- 
ridinecarboxylic acid; 

15 1-(3-{ 10,11 -Dihydro-5H-dibenz[b,fJazepin-5-yl)-1 -propyl)-3-quinucli- 
diniumcarboxylate; 

1 -{3-(2,8-Dibromo-1 0, 1 1 -dihydro-5H-dibenz[b,f]azepin-5-yl)-1 - 
propyl)-4-piperidinecarboxyiic acid; 

20 

1 -(3-(3 f 7-Dichloro-1 0, 1 1 -dihydro-5H-dibenz(b,f]azepin-5-yl)-1 -propyl)-4- 
piperidinecarboxylic acid; 

1-{3-(3-Methyl-10 f 11-dihydro-5H-dibenzo(a,dJcyclohepten-5-ylidene)-1- 
25 propyl-4-piperidinecarboxylic acid; 

1-(3-(3,7-Dimethyl-10,11-dihydro-5H-dibenz[b,f]azepin-5-yl)-1-propyl)-4- 
piperidinecarboxylic acid; 

30 1 -(3-{3-Dimethylamino-1 0, 1 1 -dihydro-5H-dibenz[b,f ]azepin-5-yl)-1 - 
propyl)-4-piperidinecarboxy lie acid; 
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(R)-1 -(3-( 10,11 -Dihydro-5H-diben2o[a f d]cyclohepten-5-ylidene)-1 -propyl)- 
2-piperidinecarboxylic acid; 

(S)-1 -(3-( 1 0, 1 1 -Dihydro-5H-dibenzola,d)cyclohepten-5-ylidene)-1 -propyl}- 
5 2-piperidinecarboxylic acid; 

or a pharmaceutical^ acceptable salt thereof. 

I^The use of a compound according to any of the claims 1 through 13 
10 as a medicament. 

15. The use of a compound according to any of the claims 1 through 13 
for preparing a medicament for the treatment of neurogenic inflam- 
mation. 

15 

16. The use of a compound according to any of the claims 1 through 13 
for preparing a medicament for the treatment of insulin resistance in 
NIDDM or aging. 

20 Hj. A pharmaceutical composition comprising as active component a 
compound according to any of the claims 1 through 13 together with a 
pharmaceutical^ carrier or diluent. 

18, A pharmaceutical composition suitable for treating neurogenic 
25 inflammation comprising an effective amount of a compound according 
to any one of the claims 1 through 13 together with a pharmaceutical^ 
acceptable carrier or diluent. 

A pharmaceutical composition suitable for treating insulin resistance 
30 in NIDDM or aging comprising an effective amount of a compound 

according to any one of the claims 1 through 13 together with a pharma- 
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ceutically acceptable carrier or diluent. 

20. The pharmaceutical composition according to claims 17, 18 or 19 
comprising between 0.5 mg and 1000 mg of the compound according to 
any one of the claims 1 through 13 per unit dose. 

TL A method of treating neurogenic inflammation in a subject in need of 
such treatment comprising administering to said subject an effective 
amount of a compound according to any one of the claims 1 through 13. 

22. A method of treating insulin resistance in NIDDM or aging in a 
subject in need of such treatment comprising administering to said 
subject an effective amount of a compound according to any one of the 
claims 1 through 13. 

23. A method of treating neurogenic inflammation in a subject in need of 
such treatment comprising administering to said subject a pharmaceutical 
composition according to claim 18. 

24,. A method of treating insulin resistance in NIDDM or aging in a 
subject in need of such treatment comprising administering to said 
subject a pharmaceutical composition according to claim 19. 

25. A method of preparing a compound according to claim 1, 
CHARACTERIZED in 

a) reacting a compound of formula II 
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10 



R 1 




(ID 



wherein R\ R 2 , X, Y and r are as defined above and W is a suitable 
leaving group such as halogen, p-toluene sulphonate or mesylate, with a 
compound of formula III 

HZ ""> 
wherein Z is as defined above to form a compound of formula I; or 

1 5 b) hydrolyzing a compound of formula I, wherein R 4 is Cve-alkoxy, to 
form a compound of formula I wherein R 4 is OH. 



26. Any novel feature or combination of features described herein. 
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